
AsRICULTURAL RESIAROtHRSTITUTE 

PUSA. 




THE 


PROCEEDINGS 

OF THE 

LmiiEnN Sc5e(eTY 

OF 

New South Wales 


voimnL 


WITH NINKTY-THIIBK 

tmA 11> Teit-i|iiNi. 


8YONBV:- 

PRiNTiCD AND rUBUSHBD FOK THR SOCIBTy 

•f 

W. A. PEPPBRDAY A CO.. USa PllT SI RBEr 

AMB 

SOLD BV THG SOCIETY 

«p 



W. A. FIll'FRNDAV AND CO., 
(;RNRRAI. FRINTRlIi, 
llQSi Firr STKIKTt SVDNXy. 



CONTENTS OF PROCEEDINGS, 1918. 

PART I. (No. 


( imwi Jrd 19]S). 

Praudeniial AddretiB delivei^ at the Foity-third Annual Movt 
in|{, March 27th, 1918, hy Pi-ofcMmir H. (i. CnvrMAN, MJX, 
B.8., Preaideiit . 


PAUKt* 

1-30 


The Ueolofty of the flower McHomic Rn<;kN of QueetiHlaiid, with 
Hpeoial Reference to their Dietrihution and FoshiI Flora, and 
their Oorrelation with the Lower iMesoaoic Rockn of other 
parte of Australia. Uy A. B. Walkom, lX8n., AHNiHtaiit 
Lecturer in Geology, University of Queensland. (Plates 
i.di,, and six Text-figures) .37-1 In 


Studies in Australian NtHi^opfem. No.5. The Structure of the 
Cubitus III the Wings of the By H. J, 

Tiixyaed, M.A., D.Se., F.L.S., F.K.S., Liniiean Maoleay 
Fellow of the Society in SSuology. (With thi-eo Text-figures) 110 122 


On the Affinities of two interesting Fossil Insects from the Upper 
Carbonifeiotis of Oommentry, Franco. By R. J. IhLLyAaD, 

M.A., l).Sc.« F.LS., F.K.8., Liimean Maoleay Fellow of the 
Society in >Soology. (With three Text-figures) I2:M31 


Tha Origin of Yolk in the Ova of an Kiidoparasitic Copopod. 

By H. Lkiouton Ki68TBVk>, O.Sc., M.B., Ch.M. (Plate lii.) 13fM4l 


Contributions to our Knowledge of Soil-Fertility. No. xvi. The 
Seamh for Toxin-Produoers. By R. Ghkio-Smitii, D.Sc:, 

Maoleay Baoteriologist to the Society. . 142-lUO 


On oertalii Shoot-bearing Tumours of KuoalypU and Aiigoplioras; 
and their modifying influence on the natural Growth-habit of 
the Plants. Hy J. J. Flktchwi and C. T. Mubsok, (Plates 
iv.-xxvi.).191-233 


Hon. Treasurers Financial Statement and Balance Sheet 

Blectiona and Announueiiients . . 

Notes and Exhibits. . 


:ir)-34 
13d, 234 
235-230 



COIfTtHtS. 


iv. 

PART IL (No. 170). 

f fuMiMid !Mh tots), paoeb 

On thv SeAHcmal Distribution of mmie O^io^nslaml 8pooius of 
«4fvW/fi Khrcnbvrg [Ktn/xn*<iiiA]. By O. lb GiM*tiia, M.Sc., 

Biology lb»pai*tment, Universilyof Qneenslaml. (Four Text- 

figures) . .237'tS4fi 

On the lionf-Anatomy of St*frty)fa i'mMM{thtia [OooomniacbaI with 
special reference to the Kpidertiial Keoretion. By Marforik 
Thvbkj. (JofxrNS, B.Srt., I>omoiistiAtor in BoUny, University 
of Aclclaklu. (Plortes xx\ii.-xxviii.; and six Text-figureH) .. */47-*iA0 
A Kowil liiHoot-wiiig from the roof of the Coal-seam in the 8yd- 
iiey Hartiour Colliery. By U J. Tiixyahif, M.A., D.Hc., 

F.L.8., Linneaii Mocleay Fellow of the Huoiety in 

Zoology. (One Text-figure) . .. 2fi0-304 

The Panor|x>i(l Complex. A Study of the Phylogetiy of the 
Holometabolous InsectH, with special Reference to the Sub- 
olossos PwiCrpoidea and iVearo}»^erot<f«a. [Introduction]. 

By K. J. Tiixtard, M.A., IXSo., F.^8., F.R.H., linnean 

Mocleay Follow of the Society in Zoology .:iQ«^-284 

71ie Panorpoid (^miplex. Part i. The Wirig-OoupHtig Apparatus, 
with special Reference to the L^pidopUm, By R, J. TitJr 
Y\BO, M.A., D.Ho., F.ri.S.. F.K.N., Linneaii Mocleay Fellow 
of the Society in Zoology. (Plates xxix*-xxx.; and sixteen 

Text-figui*es) . 

The (leohigy and Petmlogy of the Creat Serpentine Hell of New 
South Wales. Part vit. The (leolf^ of the lAMUiilioiah ISs- 
triol and a portion of the Coonoo fvfMtiao Kstate. By W. 

N. Bbssox, B.A., D.Sc., F.G.S., Professor of (leulcigy and 
Mineralogy in the University of Otago, N.Z., late LiniMaii 
Mocleay Fellow of Uie 8«ioiety in Geology. (Plates xxxi.- 
xxxviii.; and four Toxi-figures)... . ^ ... SW-dfiO, .^-384 

With two PalsBontological Appendices by F. Chapman, F.ll.M,8., 

* A.L.S., Palieoniologist to the National Museum, Melbourne. 

(Plates xxxix.-xlii.) .S85-31M 

Studios in Australian MtMpttra, No. if. The Wing-Venation of 
Chorida au^trati^ Klug, By B. J. Tiu.YAki», M.A„ IbSc., 

F.L.S., F.K,8., Uiinean Mocleay Fellow of the Society in 

Zoology, (l^te xBii., and four Text-figures) .3115-408 

The “Springing” of Tins of Preserved Fruit. By W, W, 

L’BmAMOJC and R. GHKia-SNiTH ... ..400-414 

Kleotions and Announcements . ... ... 285, 36S2,410 

Notes And Exhibits.861,415,410 



COHTtHtS. 


V. 


PART III. (No. 171). 

(Inaned ISth Deccmhrt^ 

MeHo2fOc liificiJiHrjf (^ueeiiHUiitl. No.3. Otlomfn and ProtiHltuinfa 
Hy K. .F. Timaakii, M.A , D.frw., F.K.S., Lnmvan 

Maoleay Fellow of t.lie Society iti Zoolumr, (Flatee xliv.-xlv., 
and Texi’Hf^ui'eH 11-10) .. 

The CaiUmifenmn TrilohdcH of Auiiiralm. Hy John Mm iiKU., 
late Pi'iiiuipal, Teohniual CktUeKc at NewnaHtlr, N.S.W. 
(VlateM xlvi,-liii.). . . 

New and rai’e Fi'eMliwtiter By («. 1. I'IiAYFAIK, late Soiuiice 

lieHearcdi StJiolar of the UiiiverHity of Sydney. (Platen liv.- 
Iviii., and eleven Text-HKUies) ... . 

'riie MotMCM of Noitii QueeiiHlaiid. By Di*. V. F. BiioriiKKirH aial 
the Rev. W. Wai.tku Watw , . 

Mewixoio tiiHcotH of Queeiittland. No,4. J/twiplei'a IfeitropUm: 
the Family l)HtMfaniidie, With a Note on Uie Origin of the 
Hetenjptera. By K. J. Tiij«yaki>, M.A., D.Su., K.fi.S., 
F.K.S.f Linintan Maoleay Fellow of the Snoiety in !^logy. 
(Plate lix., and Text-figuren 17-22) . 

11ie tfvology and Pctiology of the ttreat Serp(*iitine Ihslt of New 
South WaloH, Part viii. The KxienHioii of tlie < treat Ner{ieu- 
tine Belt from the Nuiidle IMntrict to the Coant. Hy W* N, 
Bknbqn, B.A., l>.Ko.y F.(t.S.* Profeaaur of ISookigy and Min¬ 
eralogy ill the Univeniity of Otago, N.Z., late Linneaii Mac- 
Usay Fellow of the Suoiety in Oeology. (One Text-Hgure) ... 

The Stemi) of Clinihing Plaiita. By John SHiKnKY, ]>.8o., and 
C. A. Lahhkht. ‘Plates lx.-lxvi.) . 

Hie Belatioii hetwceii tlm Fat-Omioiit and the Kleotnual Con* 
duetivity of Milk. By H. 8. Halcuo WAttotAW, IhSo., 
Liiiiieari Maoleay Fellow of the Suoiety in Phyalotogy 

llie Panorpoid Complex. Part 2. Tlie Wiiig-Triohiatioii and its 
Relationship to the Oeneral Sohenie of Venation, By R. J. 
Tillyakd, M«A., D.Bo., F.L.S., F.K,S., lannean Maolosy 
Fellow of the Suoiety in Zoology. (Ptates Ixvii.-lxix,, and 
Taxt-Agures 17<34) . 

A Study of the External Breathing-Apparatus of the Larvw of 
some Mnsooid Flies. By John L. Fkoouatt, B,So. (Plate 
Ixx.). 


417-436 

437-424 

497 .U3 
344 567 

368-502 

/ * 

503-d9U 

600-609 

613-623 

626-637 

638-667 



vi. CoirrBNTft. 

PART III. fCotUinutH), 

NiiteH on Au^^tralian SawflieH {Tvitthredtniflfp), By Waltrr W, 
FnotjiiVTT, V.US., (lovonmient KntomolugiHt . 

KleoiioiiH and AimuunccineiitH 

Notes and Kxhibita .. . 


PART IV. (No. 172). 

(Iwnul Mh Man'hy 10 iO)^ 

Notes on tliu Native Flora of New South Wales. Part x. The 
Federal Capital Territory. By R. H. Oampaok, F,L.S. 
(VlalcH Ixxi.'ixxiv.) . , 

Deauriptions of new Species of AiiHtralian Uofeofftera. Part xiv. 
By AuTiirR M. Ijka, K.KiS. . 

On a new Species or Form of KiUta/yfitHn. By CuTUBKaT Hau., 
M.l)., Ch.M. (Plate Ixxv.). 

Studies 111 Australian Xtttrojdem, No.O. The Family 

Me, with Descriptions of new (tenera amt Speoies. By R. 
J. Tiixyaki), M. A., D.Sc., F.L.S., K.K S., Unneaii Maoleay 
Fellow of the Sooiety in ZcHilogy. (Plates Uxvi.-Uxviii.; 
and four Text-figures) . 

Stmliua ill Australian yeat'opfam. Nu.7. The Life-history of 
PttjfehopnU fdttytitM ((jii^riii). By B. J, Titj<rAKi», M.A., 
D.So., F.L.S., F.E.S., Limiean Maoleay Fellow of the Hooiety 
in Zoology, (Plate Ixxix., and twelve Text-figures). 

Auatraliau or Alder-Flies, wiUi Ueaoriptioiut of new 

(jlenera and Species, By K. J. Tif4i4YAHD, M.A., IX8e., 
F.L.S,, F.K.S., Liniiuaii Maoleay Follow of the Hoeiety in 
Zisilogy. (Three Text-figures) .. 

Con tiihutiuns to a knowledge of Australian Otdicidte, No. Iv. 
By Fhank H. Taymir, F.K,S, (Plates Ixxx.-lxxxui,) 

Note on the Tempeiuture of Ikhidmi By H. Hau!Iio 

Warolaw, IXSe., Liniiean Maoleay Fellow of the Soaiety in 
Physiulc^. (Two Text-figures) . 

The Ooourrenoe of Methyl Lwvo-Inositol in an Australian Poison¬ 
ous Plant. By Jamkh M. PierRM, D.So., F.I.Om Linnean 
Maoleay Fellow of the Society iu Bioohuiiiistry. (Two Text- 
figures) . 


PAOsa 

6fi8-672 
495. 610 
4U3. 610 

PAaisa 

673-711 

715-746 

747-740 

750766 

767-618 

610-625 

626-848 

644-649 

800-897 



COKTBNTB. 


vii. 


PART IV. fOmitinnfd), paiim 

An Acoouiit of acme OI)aervat>innH upon tliu Ijife limiury of /*Ao»m 
citricarpa }AnA\\u : the CauHe of the ^'Itlack Spot" DtHeafte 
in CitruH Fruit in New South AValea. By (i. P. Dahnki.i.- 
Smith, D.So., K.I.(\ (PtateH l\\\iv.-\o.) .. HfJH-HHti 


The Ofourreiioefif an inveiletl Hymeniuin in Atftuucut* 

By <). P, Daknkll-Smith, U.Si* , K I i\ (Plates xci.-xciii ) HH;I-KH7 


Noted ami KxhibitH . 713 714 

Donations and Ktehan^eB 8K8-902 

Title-page .... i. 

ContentH ... iii. 

Corrigenda .... vii. 

List of New Ceneric and other Naiiiea ... ... ... vii. 

Liat of Plates,,, ... ... ... . viii. 

Index .......... i.-xxix. 


COHHIGKNDA. 

Page Hii, line 31-/0/* length, read lengthen. 

Page *231, line 23—/or Muneum, reetd Herluinum. 

Page 23.1, line 111—for rornindnfuM^ reail eorntcit/afa. 

Page 313, line 17—/or foruwing, t'ead freiiuluni. 

Page 377, line 3tJ—for S, jtartita, i-ead S, part it urn. 

Page 413, line 82—for tanrinUf i^ead laurifoiia. 

Page 069, line 7—for votxie-an^ue^ i-ewl 

Page 702» line 21—for A, I'ipavim^ read «V. rijtaritiH, 

Page 8*27, line 4—for Ampiide^^ read Anophehn, 

Page 829, line 23—c^rr length, adil 3 mm. 

Page 829, line 33—ybr 1914 and (1915) rewi 1913 and (1914). 
Page 832, line 88—V<^«r Skuae, add Taylor. 

Page 843, last line—:/br Bp.n., rtad Taylor. 


LIST OF NKW SURORDINAL, TRIBAL, FAMILY, AND GENERIC 
NAMES PROPOSED IN THIS VOLUMK(]918). 


VAOK 

ii^'rc^ana (Protodonata) ... 4*26 
Abboflanid jc (Protodonata).. 425 
Akruflanoptrra (Pro¬ 
todonata) ... .. .. 4*26 

Anaoe^pAa/tM (Coleoptera) . . 732 
itiMfroMd/M (Megaloptera) .. 8*21 

Cireofeon (Neurppterai.436 

CHBOiiBOMTiMi (Neuroptera) 436 
/>M^yeiiaieif»a> (Coleoptera) .. 728 
XHmaaoaMyieM (Hemiptera) . 584 
Afoonopeit UOrthoptera) ... 252 
(Neuroptei^^ ... 771 


PAUR 

(Meooptera) ... 436 
MxaoPANOHroi>iDAE(Meooptera) 436 
Nmntodinu$ (Coleoptera) ... 730 
Xotop^iapB (Neuropteiw) ... 769 
/^aaiodtina/airid (Hemiptera) ... 686 
PeruwQ^ehfa (Odonata) . 422 

(Muaoi) .. .. 668 

Nfanowia/ia (Megaluptera) ..823 
TannomdmnytiH (Coleoptera) 743 

Tttmilarla (Algee) .608 

rWaMo/eafea ((Monata).418 

TRiAasoLEstiNAG (Odonata) ... 418 



COMTBVTB 


▼Ul. 


LIST OF PLATES. 

P!at« i.—Map of Queennland, nhowin); the diHtributton of Lower Menozolo 
Rooka. 

Plate ii. ^leoloffical Sketch*Map of S.K. QueeiiRliiiid. Rhowini; the areas 
occupied by the Lower Mesozoic Rooks, 

Plate iii.—Orif^in of yolk in the ova of an endoparasitic Otipepod. 

Plates iv.-xxvi.—Shoottiearinj; Tumours of Kuoalypts and An>{ophoras. 
Plates xxvii.-xxviii.—IjeaLanatomy of Sturtvfa cmiu*i/ofia, 

Plate xxix,—Jujio>frenate WitiK-cimpliiiK Apparatus 
Plate XXX. —Jugate {Hepiafi«i4f) and Frenate iSphinyidfe) Wing-coupling 
Apparatus. 

Plate xxxi.—Topographical Map of the Ijooinheiah District. 

Plate xzxii.—(leologioal Map of the f^oomlierah District. 

Plate xxxiii.—Pillow-lavas expfised in the cutting by the Loomberah 
Bridge. 

Plates xxxiv.-xxxviii.—Fossils from the Loomberah Limestone. 

Plates xxxix.-xli.—Devonian F<iraminifera from the Tamworth District, 
N.8.W. 

Plate xlii.—Ck«rteles itel/{/’ormt«, sp.iM>v. 

Plate xliii.—Pupal Wing-traoheation of Ohariafa mmn/tvi/m King. 

Plate xliv.— Ai'roplana uitiYiAt/is, ]i.g. et sp. Principal preserved por¬ 
tions of the wings; ( x 7). 

Plate xlv.—A^'ro^ana mmfbiftM, n.g, et sp. Restoration of fore- and 
hindwings; (x 4). 

Plates xlvi.-liii.—Carboniferous Trilobites of Australia. 

Plates liv.-lviti.—New and raro Freshwater Algw. 

Plate lix.—Restoration of right hemelytron (forewing) of thtMtauia 
jnuirhra Till. 

PlatM lx.-lxvi.—8eoti(uis of Stems of Climbing Plants. 

Plate Ixvii .—Arckipanorpn fNogni^m Till. 

Plate Ixviii.— Prot^Aheora pelrotema Meyr.; brevit Walk. 

Plate Ixix.— Chari^a au6troUi$ Klug; Oattiphora vi/foM Desv. 

Plate Ixx.—Spiracles of larvw of Musooid Flies. 

Plate IxxL—Cosuarina .^ueAifiann* R. T. Baker. 

Plate Ixxii .—OttiHllta Juniperina R.Br. 

Plate Ixxiii.—AifUMfa tnarginaia Oav. 

Plate Ixziv,—Swampy plain between (^udgenby and Cotter River, at about 
4,500 feet level. 

Plate Ixxv,—Aiea/gygiM Jfarsdetit, f. vel 8p.n. 

Plate \%%vi.‘—Megapifckop» Hiidgti (Froggatt). 

Plate Ixxvii.—JfepofMyeAm Ulidgei (Froggatt), PttyckopnU f/ratifis, n.sp., 
P»ych4>fmlfa fftUhfSi, n.g. et sp, 

Plate Ixxviil.— P^yehop^iM yraeifui, ti.sp., Psychopnila yaHardi, n.g. et sp. 
Plate Ixxix.— P^llyrhopn» e/epoiM (Ott4r.). 
iHates lxzx.-lxxxiii.—Australian Ouikuke, 

Plates bnxiv.-xo.—-PAoma dtricarpa MoAlp. 

IjliitfS xci.-xoiii,—-ApoWeiM campuirU, 



PROCKKDINOS 


OF THK 

LINNEAN SOCIETY 


OF 

TSTKW HOIJTM WAF.KS. 

WKDNKHDAY. MAIiCH 27 th. 19IS. 

The Forty-tliini Arirnml (leiuTiil and tlie Oitlinaiy 

Monthly Meeting, held iii t)ie Linnean Hall, fthaea Hoiui, 
K]i7.al»eth Hay, on Wednesday e\eniii^, Mareli 27th, 191«S. 

ANNUAL UENKHAL MKETFNU. 

Professor II. U. (^hai>niati, M.D., H S., President, in the (’hair. 

The Minutes of the |im«edin^ Animal Ueneral Meeting (Maivh 
2Htli, 1917) weiv mul and eonfirmed. 

The Pmsident deliveitsl the Annual Addn^ss, 

PK ES11) ENT IAI. AI) I) H ESS. 

Laihkh and Gkntlkmkx, 

This is the forty-third oc<*aHUui t>n which th(» Presitlent lias 
delivered an annual address to the Memlx^rsof the Swiety. The 
progress of this Linnean Society, aiming at luhnneing the study 
of Natural Science in this fu^wly-populatwl contiiu'nt, is also 
shown by your election of a graduate of an Austitilmn University 
to the presidential chair. Such a selection bears witness to the 
increasing influence and prepimderating nuinliersof the scientists 
trained in Australia in the personnel of thi^ nieinliership. This 
is the first occasion on which such an honour has been conferred 
on a student of our Universities by the naturalists of our SiMuety. 
I appreciate the honour that you have done me. J tliink, how¬ 
ever, that I should l)e ungrateful if T did mit render some tribute 
to those who have given me i»f the In^st of their intellect and 
ot their assistance. I feel that T (»we my educational develop. 
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ment to two men. One has roasecl to be a Menil>er of this Society 
and tcj continue Ins work in AustriiHa, but, in a larger Bphei*e, he 
still clinHits the labours and lends his kindly hand to encourage 
tho early efforts to hsirn of Nature of those of another land. T 
rf»fer to Charles James Martin. 'I'he other lives among us and 
sets us tho example <if an enrii<‘st student of the aniinals, plants, 
and rocks around us. I my homage to Charles HedJey. 

Ymi will panJon me if 1 spend a few minutes in pointing out 
what 1 owe to my chief teachers. The Australians are sahl to 
lack i*everence and gratitude. Perhaps their eritics are, some- 
tiines, astray, ft is rather more than twenty-cine y(»ars since I 
Hiiw for the first time C. .1. Martin. I was a student of intHliciiie 
at the Medical School in Melhouriie, and hiul njaclu'd my thinJ 
ye^vr. We students had hearcl, towaisis the end of our second 
year, tliat tlie venerable Professor of Physiology, Dr. Halford, 
had Ix'en griintinJ leave of absence, and that a lectuix*r hod U'en 
Hppoint<xl ill his placx*. Early in the next year, I went, in the 
company of a fellow student, to find out if we cOuld not start our 
ymr’.s i‘eading bc'foix* lectun‘H commenced. The Ijong Vacation 
stceined too lengthy an holiday. We w'en* young in many ways. 
We thought that in Ixsiks lay the knowledge of natural pheno¬ 
mena. We had not learnt that our work in the laborat-ui'y was 
anything more than an attempt to assist our memories by visual¬ 
ising what we committed to our minds. T iX50ollect that we 
went tej tho Old Mc^dical School thixiugli the Grecian porch. Wo 
passed through the bare hall with its tablet in commemoration 
of Professor Kirkland, and into the asphalted court. On the 
right was the Department of Physiology. 11 consisted of a tlieatre 
into w'hich opened tho Pmfessor’s library and a small ante-room. 
Beyond sti-etchod a commodious laboratory witli lionches equipped 
for chemical work, with gas, with water, and with shelves 
for bottles. A pi*eparation-room in wliich the Professor’s assist¬ 
ant made re^uly the microscopical soctions and chemical solutions 
with which we worked, and two empty rooms completed the suite 
of rooms. As we walked to the door, J little thought that T was 
to spend the greater part of five out of the next six years within 
those walls. Tn answer to our knock, there appeared a tall, fair 
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mail in singlet and pants, a file in tine hand and a piiH^’e nf brass 
in the other. We aske<l for Pinfessor Martin, and weiv eurtly 
told to say what wo wanted. Slowly it daw'ned on our minds 
that we were luldrossing a new type of teaeher. Thosci we had 
fonnerly known wei^e di^nifio<l ami distant. We had never 
thought of them, e\eii in the heat of summer, unbending so far 
as to reino\ e their eoats. Many of them never spoke tons unless 
ooxei’eil hy their aemlemie rohes, and we were taught to prepaiv 
for any interview with them by donninj^ our aeademie attiiv. A 
new' era in the Melbourne Selimd of Medicine hiul iili'eaily com- 
inenewl. \ would not have you think that we students did not 
Iwnefit from the instruction of those with whom w(» had only a 
foi'inal association. They contrihute<l to our education, hut 
neither in the same way nor to the sainc^ exti'iit as Dr. Martin. 
When we two hml stated our errand and sought ad\ice as to 
what htKiks we shouhl ix^ad, we weix* niadt^ not t-o value oiirstdvi^s 
too highly for our desiiv to start w’ork early hy llu* kindly yet 
satirical piai.sc' that we n^ccnved. W«* were also infornuMl that 
we could not do Ixjtter than gi\e some weeks to a n^new'isl study 
of the microscopical s|jeiMmeiis that w'e had mounted in the f>n*- 
cediiig year. As to the Issiks, wo might take our choice. We 
wei'e to study Physiology and the functions of the li\ing organ¬ 
ism, not any description of them in a lKs>k. W'e wc'iit away 
with little undei'standiiig, and somewliat perplexed. 

Olio fact I'emained in my mind. I had to examine once moiv 
and to draw again the pieces of animal tissue prepainl for micro¬ 
scopical study. J devoted the rest of the vacation to that labour, 
and T have kept to this day my sketches and those slides. It 
was several years befoix) \ realised the value of those few minutes’ 
counsel. Scientific study not only includes the reading of books 
and pamphlets about natural objects and liappeniiigs, but de¬ 
mands the investigation of the things and of their behaviours. 
The books, papers, and monographs are the records of what other 
students have noted on these matters. T wonder often if we 
make this position plain in advocating more attention to scientific 
subjects. We suggest that childnm should be taught science in 
schools. We mean that the children should be given the objects 
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to handle and regard so as to become aware of what is known 
of them. Do we make the parent and the schoolteacher 
understand that education in science is the examination of things 
and not of words or descriptions? I fear that many of us who 
have some control over education in this State by means of ex- 
HininatiociH and the institution of courses of instruction, som& 
times forget at what we aim. We demand too large a store of 
knowledge. We force the child to learn of Nature by books. 
We do not remember how slowly we acquired our own acquaint¬ 
ance with the world of matter about us. We yield to the critic 
who tells UM that we set too low a standaid, and that wo do not 
ask the child to know enough. We set out examinations with¬ 
out sufficient regard for the hours needed to experiment and tn 
observe the facts neoessaiy for an answer. I have tried cxften to 
persuade examiners and Ixiards of examiners to give more weight 
to practical examinations. I like to ask students to record their 
observations on simple objects. My fellow-examiners have said 
to me that the questions are so msy. They are easy to the 
student who has learnt to study things, and they mislead the 
student who does not know of things but only about words. 
Such students do not i*eeogni8e what they see. Life, however, is 
concerned with the persons and objects around us, not with the 
descriptions of them that literary men may pen. 

I have told you that 1 used my microscope. To those hours 
of observation T owe the interest that Dr. Martin took in my 
future education. Some weeks after lectures had begun, I went, 
at the close of the instruction, to ask a question about the act of 
breathing on high mountains. The conversation passed to 
personal topics. 1 mentioned that 1 had seen certain appear¬ 
ances in some sections of the lungs. I was invited to come into 
the laboratory to arrange the microscopical objects that Dr, 
Martin bad brought with him from Sydney. Each day I spent 
an hour oi* so in looking at the specimens and putting them in 
tbe different drawers of the cabinets. Now and then, my teacher 
came to hear what I was doing or to invite me to look at some 
experiment that he was performing in the laboratory, I saw for 
the ftrst time a woi*king laboratory engaged in the observation 
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«£ physiological phenonicim. I noted tliat experimentM were 
arranged to ascertain how these pheiiotnena were brought about. 
T noticed how these experiments gave aiisuera, at times precise, 
at other times inconclusive, as to the characterH of the events 
examined. T was led to think of these experiments, to ask 
questions myself, to form my own answers fi-om the secpience of 
the events of any expennient, and, indeed, to inquire of natutul 
occurrences how they happeiiMl. 

T trust tliat 1 do not weary you with these reminiscences, but 
1 think that it would be lulvaiitageous to the people of this 
Commonwealth if they knew more of the work of that laboratoiy. 
I believe that the citizens of this continent would have derived 
mure benefit if Dr. Martin bad possessed l)etter opportunities of 
making others awan* of the meaning of scientific education. 
Charles James Martin had that personal magnetism which gave 
him command over othei’s. He did not preach to us on his 
doctrines, but he set us an example in his own attitude to the 
science that he taught. During the firat year, I was the only 
undergi'aduate tliat worked daily in the laboratory at lioum 
beyond those prascribed by the curnculuin. Other older men 
came to do research at his inspiration. Dr. (later Pnifessor) T. 
Cheny, J. F. Wilkinson, A. B. Colquhouii, A. C. Halford, A. 
Finch Noyes, and J. W. Iiarit3tt (now Sir James) weitj amongst 
the earliest workers. A little later, E. H. Einbley commenced 
his investigation upon aniestbetics, destined to become one of the 
principal studies of the laboratory during Dr. Martin’s dii'ector- 
ship. Other undergraduates, among whom wei*e H. A. O’Brien, 
now bead of the Wellcome Research Lalxiraturies in London, B. 
W. Patterson, M. Lid will, and, lastly, 0. C. Mathiesoii, endowed 
with genius of highest order, who might have iiifiuenced the world 
for generations, was regarded as one of the bnghtest stain of the 
rudog generation of British scientists, but gave his life at Gallipoli 
while aotiftg as a regimental medical oiiieer, caiue into the labora- 
tuiy in the next few yeain. All too soon, Dr. Martin’s work 
among us came to an end. He held no Professorship. An offer 
from Belfast had been defined, but he accepted with reiuotanoe 
the post of Director of the Lister Institute of Preventive Medi- 
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cine in Txuidoii. TIun poHt id one of much importance, for the 
Institute is tlie largest medical i*esearch laboratory in the British 
Empii'e, Hr. Martin did not wish to leave Australia. His heart 
was with his students. His work lay in training them to continue 
what he had begun. His influence was growing in Melbourne. 
The years of sowing, at times disheartening, were almost over, 
and the days of fruition and reaping were at hand. An attempt 
to obtain for him a chair in the University failed, and one of 
the most inspiring scieiitiflc teachers that we have hod in Aus¬ 
tralia left our shores. 

The influence that Dr. Martin wielded, was due to his personal 
relations with those around him. He worked with his students 
at the same tasks. He asked all to take an interest in his 
i^esearches. When graduates or students started their own ra- 
searches, he came each day to see what was going on. He made 
the necessary instruments with his own bauds. He manipulated 
the apparatus or took the notes. He drew the conclusions or 
criticised the inferances. lie expected discussion at every step. 
It is well, perhaps, that I remind you that he fitted up the work¬ 
shop, setting up the benches with his own hands. He repaired 
the gas engine that supplied the power. He made the apparatus 
l)oforc H. J. Oiaysoii btH^unie the mechanic. He was carpenter, 
litter and turner, glass worker and electrician for the laboratory, 
and for the rest of us. He was the chief under whom we all 
delighted to serve. I am afraid that we shall never be able to 
let you know how much we stand in his debt. 

1 would like to add just a few words about his methods of 
teaching science, lie did not use diagrams or models to any 
•extent. If ho i*efen'ed to the structure of a muscle-flbre^ he 
threw on the screen the image cast by a specimen of muscle 
tluvugh u projecting mici*oscope. The students thus formed 
their own mental pictures of natural objects instead of accepting 
the interpietation that some other person had embodied in a 
diagiuin or model. Each lesson was a demonstration rather than 
an exposition. Experiment followed experiment throughout each 
lecture. These experiments were selected to answer the queries 
«rhieh rose in the mind as the result of the previous experiment. 
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Great skill was manifeHted in choosiii^ the oxperitneiiiH and in 
arranging their order. The sequence of the experiments was 
sufficient instruction to most students. The insults w^re so 
obvious and the interpretation so easy that most of those who 
saw the demonstration needed rni prompting as to the inferences 
and conclusions. Dr. Martin possessed little oratorical skill. 
He was not a successful lectuior. His expositions were by no 
means good accounts of all that is known on a subject. It was 
necessary t<i work with him to obtain his instruction. The 
student who attended classes with a iK>tedM)ok in which he 
intended to write all ho meant to learn on a subject found the 
lectures most unsatisfactory. The lesson was not prepai'od for 
assimilation. The student found that be had to work out much 
for himself. If the student did what was asked of him, he had, 
at the end of the course, a training in the science of the func¬ 
tions of the living organisms. 

Fi^om Charles James Martin I learnt of the inductive and de¬ 
ductive methods of analysis. I oliservod how expeninents were 
employed. I saw how to select an experiment so that some 
pi'ecise inference could bo drawn from it. 1 leanit of physics and 
chemistry and of their use in explaining tlie behaviour of living 
cells, tissues, organs, and animals. To Charles Hedley I am 
indebted for a different awakening. I was a teacher of some 
years’ standing in the University of Sydney Ix^fore I became 
acquainted with Mr. Hedley. He was a neighbour, and our 
common interest in this Society led me to cultivate his friend¬ 
ship, I had attended classes in zoology and botany at the Uni¬ 
versity. During my holidays I had wandered thi*ough the bush • 
or meandered over the rocky shore or beach. Many plants and 
animals attracted my notice, but 1 found my instruction had left 
me ignorant of what they were and how to learn of them. As 
I became acquainted with Mr. Hedley, I formed the habit of 
tidcing walks with him, and I was soon the pupil of an acoom-. 
plished naturalist. The trees, shrubs and herbs, rooks, birds, 
and insects had a message. I was led to look at them and see 
what they revealed. Until this time, scienoe had appeared to 
me to need incessant analysis. I now saw the science of simple 
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observation. Tlie plants seemed to give me special interest, and 
I started t(» collect those around my home, to notice their con¬ 
struction, an<l to leani their names fn»ni their descriptions. T 
was told for the tirst time that much could be ieanit from noting 
what plants oc(;urml together, or how different plants favoured 
diffei'ent localities and surroundings. T need not tell you much 
as to how Mr. Uedley made stone, animal, and green plant of such 
inteitsst that 1 liad to look at them. Few of you know Charles 
Juiiies MaHin, but all of yuxi know Charles Hedley. Thera 
will l)e no one in this room who has not had some wuids from 
him on natural history, who has not had his attention turned to 
Homo object of interest, and who has not been led by liis inspira¬ 
tion to look again at some natural object. No naturalist has 
done more for those of us of the younger generation. I think 
some of the older naturalists do not realise how difficult it is for 
the Australian to obtain infoniiation about the things araund 
him. Thera is an almost complete absence of simple books about 
our plants or animals. Kvcn the elementary text-books used in 
Bcliools are those of European authors, and deal witl) European 
forms. It seems to me that there is hera an opportunity which 
should not be missed by those among us capable of supplying 
this information. We need cheap books dealing with the differ¬ 
ent forms of life of our bush, beaches, and waters. Such books 
os have been prefiared covei* a wide range. They deal with the 
birds, fishes, animals, or insects of Australia. I believe thera 
would be a ready sale for cheap books dealing with the fauna and 
fiora of small districts. When I started to examine the flower¬ 
ing plants about my home, I 1 ‘ead once again Hooker’s Botany, 
and then used Moore’s Flora of New Houth Wales. 1 will not 
say how many hours I spent in discovering the name of a plant. 
No beginner will find it easy if he has to use Moore’s Flora. 
Tlie classification of plants depends on clmracters which are nut 
readily ascertained. After several weeks, I named Bmera 
rr^bioickH, and was luaterially aided by the presence of eight 
, petals. Observation seems easy to those who have not observed. 

I cannot remember how often it became necessary to revise my 
f description of the characters of a plant. I used to write them 
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uut as T recugniMed them in the plant. When my account was 
completed, I Htarted to find thetamily, the genuH,aud thenpecioH. 
If T found the coritxjt genus, tlie rest was comparatively simple. 
How T wished for a book witli some figures or diagmins of the 
Horal characters of the principal families of plants found in our 
bush! Fitiui these labours, T learned to appi*eciate the value of 
pi^ise observation. T have iiieiitioned plants, but our rexsky 
foreshoi'CH uiih alive with animal life, and no one but a s^M^cialist 
can learn of them. BuiterfiicH and moths attract many. We 
have a useful l)ook alxnit buttei*fiics, and we would all welctune 
othei's treating of other kinds of insects. May I Impe that the 
day is not vety distant when ten or twenty of these useful bcsiks 
will have been written. 

Oil this occasion oiir thouglits may fittingly turn to uui* absent 
Moldier-inembem. In addition to those mentioned at the last two 
Annual Meetings, Mr. E. Oriitiths, B.8c., of the Department of 
iVgrieultuit), Mr. Tilley, of the Geological Department of the 
University of Sydney, and Mr. H. Ji. Oliver, of Auckland, New 
Zealand, have departed for the fnmt during the year, or are pi*e- 
paring U} do so. Not only have we nut had the pleasure of 
^^eicoiuing any of them back during the year, but we have Iieaiti, 
with sornjw, of the death t>f Dene B. Fry, one of our pn>iiiiKiug 
junior Members. 

Four Oi*dinary Members have been elected during the Session, 
two resignations have been received, and tlii'ee Membei's have 
been lost by death. 

Dene Bari^ett Fry, killed in action in France, on April 9th, 
1917, aged S8, was the first of our Holdier-mombera to fall. Uo 
was a rising young biologist of great promise, elected a Member 
in 1913; and his loss is gi-eatly to be deplored. His training 
began at the Australian Museum, as a cadet, in 190H, where he 
remained until 1914. When the war bi*oke out, he was a student 
at.the University, and a deinonsti'ator in soolugy; but he gave 
up his University work in order to enlist, joining the Attny 
Medical Corps in Hay, 1915. After two voyages in a hospital- 
ship, he transferred to the Infiuitry, qualifying for the post of 
liehtenantb But as there was no vacancy available, he left for 
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the front with reinforcements, as sergeant. After some time 
spent at Salisbury Plains, his regiment was sent to France, where 
he took part in several engagementH. His last contribution to 
science, “Description of Apha7i,tophryne^^ new Batraehiaii Qenus 
from New Guinea,*’ and his only one to our Proceedings, ap¬ 
peared in the volume for 1916. Ten other papers dealing with 
reptiles or amphibia were published in the Records of the Aus¬ 
tralian Museum (1912-13), in the Memoirs of the Queensland 
Museum (1913), in the Records of the Australian Museum (1913- 
14), and in the Proceedings of the Royal Society of Queensland 
(1915). 

Dr. Thomas P. Lucas, one of our Senior Members, elected in 
1861, died in Brislmne on Noveml)er 15th, 1917, in his 75th 
year. He came out to Australia in 1876; and after practising 
his ptofession in Melbourne for ten years, he removed to the 
wanner climate of Brisbane, where he continued to practise up 
to the time of his last illness. Ho was especially interested in 
Lepido}>tera, an onthusiastic collector, and the possessor of a very 
fine collcsction. 

Alfitx! John North, another Henior Member, elected in 1886, 
du>d on May 6th, 1917, aged 61. lie came to Sydney from 
MellHiuriic in 1886, and became associated with the Australian 
Museum, as Assistant in the Zoological Department, to under¬ 
take the pi'cpai'ation of a “Descriptive Catalogue of the Nests 
and Eggs of Bii'ds found breeding in Australia and Tasmania” 
(Catalogue No.l2) which was published in 1889. Tn 1891 he 
was appointed Assistant in Ornithology. He was the author of 
numerous papers published In the Records of the Australian 
Museum, and other Journals, including the Society’s Proceedings. 
But his most important oontribution to ornithology was Special 
Catalogue No.l of the Australian Museum, being a second and 
much enlarged, well-illustrated laditioa of Catalogue Na 12, 
entitled ** Nests and Eggs of Birds found breeding in Austrdia 
and Tasmania,” in four quarto volumes (1901-14). Mr. North 
was a keen observer of bird-life as well as a voluminous writer; 
and he frequently exhibited specimens of interest at our Meet- 
.ings over a long period. 
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The year's work o£ the Society's research-staff may he sum¬ 
marised as follows;—Ur. K. (Ireig-Smith, Macleay Bacteriologist 
to the Society, contributed two papers during the St^ssion, which 
have already appeared in Parts i.-ii. of the Proceedings for 1917. 
One, the fifteenth of his series of contributions to a knowledge 
of soil-fertility, dealt especially with the action of certain micro¬ 
organisms upon the number of bacteria in the soil; and the other 
was descriptive of an improvement in the technique of the single 
cell cultivation of yeast. He also completed the sixteenth 
of the series ali^eady alluded to, which is concerned with the 
search for toxin-producers. Certain soil-bacteria, moulds, and 
ammba;, all reasonably supposed to be capable of furnishing sub¬ 
stances of a toxic nature, have been grown in various media and 
under varying conditions, and, in all cases, the signs of toxicity, 
which become manifest, can be attributed to an alteration in 
ill the reaction of the media. The effect of reaction is quite of 
a different order fnmi the evidence of toxic action obtained in 
former researches. 

Dr. Petrie, Liunean Macleay Follow of the Hociety in Bio¬ 
chemistry, contributed thi*ee papers, which ara contained in Part 
iv of last year's Proceedings. One of them' was a Continuation of 
his investigations on the occurrence of hydrocyanic acid in plants 
(Part iii.), and furnished a record of some new cyanogenetic 
plants. The other two treated, in an exhaustive manner, of the 
chemistry of the Duboisias, and the alkaloids of Dnboinia L^h- 
Aarfftn. Additional subjects which occupied his attention were 
certain quantitative problems of cyanogenetic plants, the de¬ 
termination of the amount of hydix>cyanic acid capable of being 
obtained from these plants by fermentation, and the isolation of 
the gluooside of one of our most fatal stock- 

poiBons. 

Mr. £. F. Hallmann, Linnean Macleay Fellow in Zoology, con¬ 
tributed a paper descriptive of the genera EthiwsAo, and Rhaih 
c&Mrtgma, which was published in Part ii. of last year’s Proceed¬ 
ings. He also had under consideration a paper embodying 
a reform in the olassiiioation of the a rather 

troublesc^e family to the systematist. At theendof the month, 
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Mr. Hallinaiui given up liin Feliownbip to engage in other work. 
We wiah him all succew in hia new aphere. 

Mr. R. J. Tillyard, Linneati Maeleay Fellow in ZiKtlogy, con¬ 
tributed eleven papera during the SeHbioti, of which bcveii have 
already appeared in Parta i.-iii. of the Pi’oceedings for 1917; two 
othera will be found in tlie forthcoming Pai*t iv. of the aame 
volume; and the remaining two will be read at on early Meeting. 
Three of thcM^ papers dealt with the Odonata, four with fotwil 
ineectM, one eucli with the Ordei-a lA^pidoptem, Planipennia, and 
Meooptoia respectively, and one with the neui'opteix^id fauna 
of Jjord Howe and Norfolk Islands. The researches upon 
the bi'cathing>apparatuH of tlte larva* of Odonata were com¬ 
pleted ; the work b^uii upon Australian fossil insects made 
considerable progress ; and a start was made with the study 
of other neglected Oi*ders. A considerable amount of work was 
carried on in the investigation of the Orders coinpnsiiig the 
*‘Panurpid Complex,” namely, the Mecoptera, Planipennia, 
Mogaloptoro, Trichoptera, Lepidoptera, and Diptora, with a 
view to the elucidation of their phylogeny, and inter-relation- 
ships. In making a careful study of the Jugate Lepidoptera, 
ill this connection, Mr. TillyatHi i*ocent]y made the important 
discoveiy, that five genera of the Family Mim^eptarygidt^. liave a 
wirig-cuupliiig appaiatus not of the jugate type foand in ilepior 
as has hitherto been supposed, but of a mure primitive, 
jugo-fieuato type, closely i*esembling that found in tbe Plani¬ 
pennia and Mecoptera. On the hindwing, near tlie base of the 
costa, there is a strongly developed fieuuluni of fi'om two to six 
hiistles, which becomes engaged, during flight, in the sinus 
foitned between the base of the dorsum of the forewiug and the 
so-called juguoi; this latter is bent under tbe forewing, with its 
apex pointing outwards and furwa^s, and acts as a retinaculum 
for the fieuuluni, and not in any way as a jugum or *'yoke’' for 
the costa of itie hindwing, as it does in Ilfspialidm, 

Dr. H. H. Halcro Wardlaw, linneati Modeay Fellow in Physi¬ 
ology, completed tbe first part of an elaborate study of tbe 
variability of cows’ milk, which will appear in the fortboomiiig 
^rt of last year’s Proceedings, lliis dealt with tbe variations 
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and properties of samples of afternoon-milk from 109 normal 
cows, kept in connection with a Government Institution solely 
fop the supply of the inmates, and not for profit. It is of interest 
to note that about 40 per cent, of the samples contained a per¬ 
centage of solids not fat below 8*5—the standard for the per^ 
ceentage of solids not fat in all the States of the Commonwealth, 
and in England. Dr. Wardlaw has in contemplation the con¬ 
tinuation of this important investigation, the extension and con¬ 
tinuation of some work of a similar character upon human milk 
carried out by him in 1914, and to subject to a more detailed 
examination certain questions suggestwl by his work on the 
chemistry of respiratiofi. 

In response to the Councirs invitatioTi for applications for* 
Fellowships, 1918-19, only three applications were i*eceived; and 
I have now the pleasure of making the first public announcement 
of the Councirs nvappointment of Dr. J. M. Petrie, Mr. R. J. 
Tillyard, and Dr. H. S. H. Wardlaw to Linnean Macleay Fellow- 
sliips for a period of one year from 1 st proximo; and, on behalf 
of the Society, of wishing for them a fruitful research-peiiod. 

The concluding Part of the forty-secjond volume of the Pw- 
oeedings is nearly ready for issue. The complete volume (926pp., 
30 Plates, and 196 text-figures) will contain thirty-three papers, 
two of which have been divided for convenience on account of 
their length. Hix papers exceed 40pp. (43-82 pp. in length); and 
sixteen of them were contributed by members of the Society’s 
reaearch-stafF. 

The war’s interference with our exchange-relations with 
Societies outside the Commonwealth, continues in an aggravated 
form. We have heard from fewer Societies, and there has been 
a marked falling off in our receipts during the year. Even 
Societies in the United Kingdom are finding it advisable to sus¬ 
pend their despatches for the present, in order to avoid the risk 
of losses. The total number of exchanges received during the 
Session 1916-17 amounts to 846 additions to the library, received 
from 136 Societies or Institutions, ikc., and five private donors, 
as compared with 1280 (1913-14), 1028, 1243, for the three pre- 
cadiiig Sessions. The Society is much indebted to the Public 
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Library of New South Wales, for a special donation of some 
partial sets of Anthropological publications, comprising 34 com¬ 
plete vola., 37 incomplete vols., 39 Bulletins, and 11 Reports, 
issued by twelve Societies, not previously contained in the 
Society’s Library. 

If T have spent some time on personal topics, T hope that you 
will pardon me. They will servo to turn your attention to two 
different kinds of scientific knowledge. The iKlucatiunists of this 
State have laid stress on the analytical sciences, mathematics, 
physics, and chemistry, and have, (perhaps unwittingly, under¬ 
valued the biological sciences. Tlie student in our ITniversities 
is forccNl to learn the analytical sciences, and is hanrlicapped if ho 
wishes to study zcxtlogy, Ixitiuiy, and geology. Home liave advo¬ 
cated extending this handicap to the teaching of these sciences 
in schools. I am still a young man, and T trmombor well tlie 
frequent expression of the wish that the student entering the 
University should have had no pi*evioiiH instruction in science. 
A liberal education at school with no science was to be thf^ 
prelude to specialism consequent on learning a little chemistry or 
physics. The people of this State owe to Mr, Peter Board, 
C.M.G., Director of Education, the adoption of that great prin¬ 
ciple of toleration, of suiting the subjects to the inclination of 
the child. Instead of trying to teach all children the same 
subjects, the child may select a certain proportion of the subjects 
to be studied. Lately an attempt has been made to influence 
the child’s selection by giving different marks to different subjects 
at the examinations for leaving certificates. As free education 
at the University is granted on the results of this examination, 
it is obvious that those desiring better education will only learn 
subjects carrying the highest numbers of marks. What we seek 
in this State at the present time is the opportunity to study the 
natural objects that interest us, without hindrance. When we 
plead for freedom in the choice of subjects in education, we 
desire that those in schools may be taught those subjects which 
attract their attention and hold their minds. We protest 
against the suggestion that any study of natural objects bespeaks 
k worship of materialisin destined to wreck the progress of our 
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evolution. A brighter day for science has already dawned 
within our University. The unfair influence exercised upon the 
boy or girl leaving school and entering the University, by the 
scanty recognition granted to any study of scientific objectsi has 
been done away with. Tt is seen that it is possible in Australia 
to train students well in science without forcing them to go to 
Europe and become bound by European traditions, llie force 
of these traditions is seen in our University with its mediaeval 
architecture. The scientific departments of British Universities 
aro housed in badly lighted rooms because they have had to 
accept the buildings handed to them from the Dark Ages. In 
this countiy, it is ridiculous to build a labomtory for micro¬ 
scopical study, in which many students have to work, and fit 
it with narrow, arched Gothic windows because our foivfathers 
revei'ed such building. In Great Britain the modem laboratory 
is built to facilitate the investigation that is to take place within 
it. Here we are told that artificial lighting is most suitable for 
microscopical study, but are left to get what light we can from 
long, narrow windows twenty to forty feet away from the mirrors 
of the microscopes. 

May I remind you what a small company wo ara here in New 
South Wales. We number among us practically all those dwell¬ 
ing in this State who are engaged in increasing our knowledge 
of the living objects of Now South Wales. Surely we should aid 
each other in learning of our flora and fauna. Some seem to 
consider that our work consists in writing and publishing the 
results of their own inquiries. The papers embodying these 
observations and investigations appear in our Proceedings. They 
may be read in the printed parts. There is another and quicker 
method of imparting information. When a Member describes 
to us his work, his personality adds interest to his description, 
and we easily become acquainted with his results. A few well 
chosen remarks on an exhibit will cause every one to examine 
what is shown to them. Wewould allbepleased if every Member 
attending our meetings would bring some object ctf interest to 
himself and explain that object and its interest to his *feUow 
Members. In this way we can all acquire a better acquaintance 
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with natural hintory. DiscuRRion loadB to clarity in our ideaR, 
and aHsiRtR in formulating our RcicntiBc conceptions. During 
last year, wo had some diRCussion on the characters of hybrids. 
Tlie discuHsioti was brief, but it helped uh to understand better 
how we were to recognise hybrids in the plants around us Wo 
should not be always waiting for those in Europe to lay down 
tlie principles on which we aiv to work. These are problems 
which can bo studied more readily in Australia than elsewhere. 
The separation of Australia front the other groat land-ntassos and 
its isolation for long epotshs have adected the charactors of our 
animals and plants. I h<tpe that our Couiici) will promote dis¬ 
cussions of the general qucNtioiiK to the study of which contri¬ 
butions are made in the momjgraphs of our Members. Two 
such discuRsions might well Ix^ arranged each year. 

Jf I have spent some time in making moi'e precise my concep¬ 
tion of the essential fcatuivs of scientific work, I have been 
desirous of ensuring that there is no tniRundei'Htariding upon this 
point. We are now in the fourth year of the insensate war 
which ifl devastating more and more of Eun>po. We recognise 
that we iiniRt utilifuf our resouives of men and material in the 
most economical and advantageous manner if we are to emerge 
victoriouN f mm the struggle. We have learnt that it is our duty 
to give the best of our nmnhcxxl in the prime of life for the 
service of our cxmntry, not counting what the sacrifices may 
involve personally. Wo give our savings to provide for the cost} 
which shows still a tendency to increase to a greater daily ex¬ 
penditure. We endeavour to do what we can in personal service 
to assist in defeating our enemies. We have heard much of our 
duty to our country, but we have heard very little of the duty of 
the Government of this Commonwealth to use men, money, and 
training to its full extent. I suppose that no one asserts that 
this war has revealed the ability of the Government to place 
each man and woman whose services have been put at its dis¬ 
posal in the position in which the training and experience of the 
individual can be fully employed. I have looked along this table 
from ihonth to month and thought how few of our Members are 
utilised in ways in which their special traiidsig can be of service 
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to the ooinmunity. Surely it cannot be true that the years of 
observation and experiment have made our members useless to 
the Department of Defence. 1 am aware that the habit of 
casting ridicule upon Dr. Dry-as-dust existed in the past. T 
know that it is still common to hear jokes at the expense of the 
naturalist, but I thought that those raised to authority were 
acquaintcxl with the fact that science can play a {sirt in every 
phase of work in Australia in connection with the War. Some have 
affirmed that the I'ecognition of the importance of Science will 
be one of the permanent lieneftts conferred on our nation by the 
war. It is perhaps difficult to imagine any benefit given us by 
the war, which has caused such unspeakable misery and sorrow, 
yet we can undei^stand the statement. Whether there is any 
greater use of Science made in Europe, F cannot say from personal 
knowledge, but J can remind you that theiv are few evidences in 
this country of a much greater employment of thorn* possessed of 
scientific training. It is true that the Federal (Government is 
using the services gratis of a small number of scientists who 
devote the time that is not taken up with other duties to some 
investigation. The Council of Science and Industry supplies some 
money towards the oast of this I'escai'ch work. This is a step in 
the right direction, but that is all. Wlieii we say that greater 
use should be made of Science, we do not mean that wmie par- 
tioular method should be employed, but that every problem 
should be studied by the means adequate to give the solution. 
In connection with the war, we find much evidence of the failure 
to use scientific methods. The whole number of those who have 
spent time and trouble in acquiring knowledge of Nature is a 
very small fraction of the population. Even this small nunkber 
has little to do. It has been said that it looks as if our 
authoritieB regarded scientific training as a disqualification rather 
than as a qualification. I do not suppose that there is any desire 
not to use the experience and learning of scientists, but I do 
think that the majority of our oonirnunity are quite unaware of 
the scope and oharaotCr of scientific knowledge. The scientist 
cannot replace the practical man who is managing a business or 
dealing with some particular problem, but he can tupply informa- 
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tion, and he can make observations to provide facts on which the 
practical man can work. A scientist does not make, as a rule, 
what is known as a good business man. I think it unlikely that 
he ever will, but I think a study of the uses made of Science in 
the last century will teach any one who will examine the question 
that information obtained by scientific study has been of in¬ 
calculable value to the community. Our Government does not 
especially need advice and direction from scientific persons, and 
there are so many ready to offer this. It needs scientific workers 
who will obtain accurate information by making studies on the 
problems of the hour. Each scientific worker can only do u little. 
Tt takes a long time to make precise observations and to conduct 
experiments. Let me take an illustration. Tliere are millions 
of bags of wheat stored in Australia. Insects, fungi, and other 
forms of animal and plant life are destroying that wheat. If 
every zoologist now in Australia worked for a centuiy upon that 
wheat, thero could be no thorough examitiation (»f the whole of 
it. To examine the contents of oven a million bags would require 
a very great time. To determine where an insect or fungus 
came from, how its growth was favoured by various circum¬ 
stances, what is the life-history, and at what stage in its devel¬ 
opment can the destructive agent l)e destroyed so that It does 
not reach the wheat, would take many months, T do not want 
you to think that I exaggerate. May I remind you that it 
took many men and many years to obtain some information 
about the mosquito in its relation to malaria, that to-day we 
are not in a position to prevent those of our soldiers who go to 
New Guinea and elsewhere from acquiring the disease by the 
bite of the mosquito, and that it has taken several years to obtain 
even a little knowledge of the different mosquitoes scattered over 
a small portion of Australia? There is an opportunity for every 
foologist in Australia with some acquaintance with entomology, 
and for every botanist with some knowledge of fungi, to be of 
service in saving some of that wheat. Is there no way in whidi 
the Defence Department can be informed of this simple tact? Is 
it bettM* that many of these trained zoologists or botanists should 
be^doing none of that work for which they are specially fitted in 
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relation with the war. Tt surely cannot be true that we have 
Ruch a vast Hurplus of food that it is unnocoBsary to take theRe 
Htepa to preserve this wheat against loss. Further, it cannot l>e 
true that we know so much of the insects and fungi in this wheat 
that further knowledge iH nnneoessary. J believe that the De¬ 
fence Department has already at its disiiosal the services of those 
who can advise it what to do when the knowledge of what insects 
and fungi are prasent has been obtained. May T invite all the 
Members of this Society to assist in making these facts known? 

I have often thought that the scientific exp(u*ts in the State 
and Federal services do not make the authorities, under whom 
they work, aware of what a small amount of scientific investiga¬ 
tion can be done by one person. We have a Htate Entomologist 
who sots us an example of industry and devotion in the way in 
which his whole life is dedicated to the study of insect life. I 
am, however, amassed at the range over which his advice is sought. 
He is expected to report and advise on matters in a few weeks 
when months of research would pmlmbly only serve to reveal 
the nature of the problem to be attacked. Even if we had 
twenty entomologists as learned as Mr. Froggatt in the ways of 
insects we would be aware that all the twenty natuiRlists could 
go on working for many years without exhausting the possibilities 
of research in insect life. Dues not the work done by all the 
entomologists of the world in tlie century that has passed only 
serve to show us what remains to be done? Are we not all like 
Newton, when he remarked that he was as an infant playing 
with a few grains of sand with the whole ocean l)efore him yet 
to be explored? 

The community has little appreciation for the labours of those 
aeddog the advancement of knowledge (rf Natural Phenomena. 
The man who could supply a pound of tea to every person on 
this globe of ours would gain an immense fortune. Lister, who 
did something to diminish the suffering of every living person, 
and vdio was^ perhaps, better rewarded than most other scientific 
men for his discoveries, had much less reward Uian any really 
successful man of businesa Have not soientiats some right 
to ask more encouragement from their fellows? Most of us 
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have mado our scientific ’ol)wrvationn in our leisure time. Even 
those of us employed in our Universities soon learn from 
those under whom we work that teaching and not scientific 
investigation is what the University demands. We learn that 
it gives greater satisfaction if no scientific research is done, since 
the absence of scientific investigation shows that there cannot 
have been any leisure time in which it couhl bo done. It is only 
a few yeai'S ago that the Henato of the University of Sydney 
was informed by tlie President of the Professorial Board that 
only those with leisure from teaching duties did any research 
work. The attitude of otticial discouragement should be re¬ 
moved. Tt seems to me desimhle that young graduates should 
bo promoted more often when they do research work. Some 
have seen those who have never made a single original observa¬ 
tion placed above others who have spent three or four years in 
research after graduation. We often find the attitude that it 
were bc*ttcr that a problem lie not studied at all than that we 
should study it. I onct* suggested to the late President of the 
Boat'd of Health that it would lie a fortunate day when every 
town in New South Wales was the home of one biochemist making 
investigations in inspect to the people’s fotsl. To my surprise, 
his answer expressed the hope that not a single biochemist 
would meddle with the affairs of the Department of Public 
Health. The opinion is held by many holding positions in the 
educational and professional services that it is better that 
scientific reseaix?h should not be done at all than it should be 
done by Australian graduates or by those trained in this country. 
Many of the Members of this Society will have had experience 
of the contempt for their capacity, training, and public utility 
exhibited by some holdipg high official stations in our University, 
our Department of Public Instruction, our Civil Service, and our 
learned professions. Scientific research is little regarded. Few 
attempts are made by the official bodies connected with soientiflo 
work to assist the progress of investigation. The research 
student finds that it often takes longer to fight for the material 
with which he wishes to work, in order that he may have the 
opportunity to conduct his research, than to carry out the actual 
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work of investigation. I'ho I'esearch student learns that his in¬ 
vestigation is ragarded as a personal matter, and that the time 
taken in its (>erforma»ce is considemJ misspent, sinci* some of 
the experiments may have l>een done in the hours for which he 
is presumably paid by the University or State. Australian 
gimluatos are considered by sonic of the odicial heads in our 
Univorsities as rccpui'ed only for the “teacsliingof the drill-work.” 
The graduate who docs i*eMearch work rather than this drudgery 
neefl exjwet no pi*oinotion in some of the Departments of our 
University. Surely this is a poor policy in our educational 
development. Ability to do research ^4jrk is not eonnnouly 
found. Tlio desire to <jarry it on c«»iitiniu)UMly is oven leas fre- 
(|U«ntly present. The power of directing investigation in others 
to a successful conclusion is one of the rarest accomplishments. 
Tliese facts are well known to the members of the Henate of our 
Universities, in the heads of our I )e|)artnients of Health, Mines, 
Agnculture, and Kdluxation, to the memliers of the State Coin- 
iiiittees and the Executive Committee of the Federal Advisory 
Council of Science and Industry. Why is it so difficult to pass 
from opinion to practice in these matters] Why is there not 
a better attempt to tmsure tliat every scientist in New South 
Wales who shows that he can train students to become mure 
efficient iiivestigaiors, has as many students os possible brought 
under his inHuenco] Not infrequently after years of lalxiur in 
building up a laboratory and a team of wtjrkers, tho investigator 
is dnven to cast aside what has beim done, to pnivide himself with 
an income sufficieut for his needs. 

Tlie naturalist is not only interested with the structure of 
dead animals and dried plants, hut lie spends his time in learning 
of the behaviour of living animals and plants. Jiiving animals 
and plants seem endowed with attributes not found among inani¬ 
mate objects. Life is associatiHl with a definite form of con¬ 
struction. If wo cut a thin slice of a tock and recognise tlutt 
the rook is built up of inorganic material arranged to show a 
bddy-wall and nucleus, such as are found in v^table or animal 
oellB, we know that we are looking at the petrified remains of 
what was once alive. Not only so, but if we find any substance 
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composed of certain chemical compounds, as proteins, carbo¬ 
hydrates, or fats, we are awai*e that tliis material has been part 
of the animal or vegetable body. Life is thus associated with a 
particular architecture built with chaiacteristic chemical sub¬ 
stances While the qualities and properties of living things ap¬ 
pear so different f i*om those of lifeless matter, the biochemist soon 
discover that all living things ai'e constructed from lifeless sub¬ 
stance. As an animal or plant graws, it adds to its bulk material 
from the inanimate world. All the carbonaceous material in the 
protoplasm of the cells of all living objects contains carbon once 
diffused thiY>ugh the atmosphere as carbon dioxide. For a brief 
period this carlioii is found in some animal or plant. Perhaps it 
in the green le^if of a growing wheat-plant. A few weeks later, 
it lies in the golden grain. The farmer harvests that grain and 
sends it to tlie miller. The satne carbon is part of a particular 
sack of flour, delivered to a baker. It is portion of some loaf of 
bread eaten by John Smith, ft is the carbonaceous constituent 
of glucose ill the blood of John Smith, It is combusted in some 
part of John Smith's body, and it is dissolved as carbon dioxide 
in his blood. It diffuses through the epithelium of his lungs. It 
goes out again into the atmosphere in the expired breath of the 
individual. Hume day it will be taken up by anotlier plant, and 
so on in an endless cycle. It is diflicult to suppose that this 
carbon becomes endowed with new qualities while it lies in the 
living tissues of the animal or plant. It is necessary to seek some 
other explanation of the characteristic properties of living things. 

It has long been obvious tliat animals and plants make the 
chemical constituents of their bodies from tuw materials by dif¬ 
ferent processes from those used in the chemical laboratory or in 
the factory for the manufacture of similar substances. Heat and 
pressure, so freely used in the synthesis of bodies akin to those 
found in living things, play no pai*t in the manufacture of starch, 
fat, or protein in a plant. We have a dim idea that those in¬ 
tangible materials, known as ferments, are chiefly concerned with 
vital synthesis* In fact, the presence of ferments and the oapaoity 
to produce ferments appears to be one of the most distinctive 
cbemioal characters of living matter. Ferments bring about 
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decompositions and incite combinations under the conditions 
favourable to the continued life of animals and plants. We sow 
a wheat'Seed, presumed to contain minute aniounts of a number 
of these ferments, and from the fully grown wheat-plant wc can 
obtain a greater degree of ferment activity. The powers of these 
ferments do not differ from those possessed by lifeless chemical 
Hubstaiices under ceitain conditions. Most chemical substances 
appear capable of bringing about decompositions or combinations 
in other bodies in the same way and under analogous circum¬ 
stances as do the ferments from living tissues. When acting in 
this manner, these substances are called catalysts. Chemists do 
not, liowGver, suppose that platinum black inciting the union of 
hydrogen with oxygen contains some unknown ferment. The 
sulphuric acid which brings about the decomposition of caiic 
sugar into glucose and Itevuloseis presumed to bo chemically pure 
sulphuric acid. Chemists are beginning to recognise that cata¬ 
lysts are not a group of substances possessed of those special 
qualities, but that many, if not all, chemical substances can act 
as catalysts under particular conditions. Evidence is accumu¬ 
lating to show that it is on the arrangement of the particles, 
molecules, or whatever we may call the minute mosses of the 
substance, that the capacity to act as a catalyst depends. Tlie 
physical state of a substance rather than the kind of matter of 
which it is formed, confers catalytic activity. There appears to 
be no reason to infer that the catalytic action of the extracellular 
and endooellular ferments found in animal and vegetable tissues 
has a different basis. 1 liave always lieen impressed by the fact 
that the power of an extract of an animal or vegetable extract 
to aot as a ferment was abolished by those agencies which pro¬ 
foundly alter the colloidal state of proteins and lipoids. The 
attempts to identify the unorganised ferments as a special olaas 
of chemical substances have invariably ended in failure. May 
we not look for better progress along other lines of investigation 1 
llie study of the position of the particles composing inorganic 
cxystals has given us an insight into the arrangement of the 
atoms or ultimate particles in the molecule. The -crystals of 
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protoiim and fats have not yet been examiniHl in the same way. 
May wo nut hope that these studios may ho exttmded in con¬ 
nection with fennentative activity! 

The functions of living matter have been the object of that 
branch of science in which J have l)een a student. The aim of 
the physiologist, is to explain the behaviour of living things in 
terms of the mechanical, physical,chemical,and psychical sciences. 
It is believed that progress is at prosont possible if an endeavour 
is made to reduce biological pherioiiiena to physical and chemical 
problems. Living things are built from inanimate matter, and 
the attributes of living things are the expressions of the pro¬ 
perties of matter. I am aware tliat such a belief is oondeinned 
as materialistic. T must confess, however, that I see no difli- 
culty in supposing that, as boat, light, magnetism, and electricity 
are qualities of the arrangement of matter, the psychical qualities 
of the higher forms of living things are likewise material. 
Heat apart from matter does not exist. Why should we suppose 
that memory and thought exist apart from some matter in the 
living organism! Whoever will become acquainted with the 
history of physiological knowledge will find that progress is 
represented by the explanation of a greater number of the func¬ 
tions of animals and plants in terms deriverj from the study of 
physics and chemistry. On such a conception, there is no such 
thing as inanimate matter, though thei*e may be lifeless objects. 

With these ideas in your mind, I invite your attention to the 
problem of variation as exemplified in the different functions of 
each kind of animal and plant. For many centuries, naturalists 
had believed that each kind of animal or plant was endowed 
with unchanging characters. The fixity of species was con¬ 
sidered axioDStttio by soologists and botanists. Darwin and his 
followers have demonstrated to us the progressive evolution 
from one form to another in animal and plant. Every animal 
and plant showed a certain degree of variation in its characters. 
Some of these idiaracters favoured the living organism in its 
struggle for existence, others rendered it less able to cope with 
the conditions of environment. Some organisms su rvivad longer 
and bad a better chance of reproducing their kind, otiimrs died 
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early and had lesH opportunity for transmitting their peculiar 
qualities to their descendants. It is well known that the off¬ 
spring of any organism possess, in general, similar external 
cliaracters and biochemical pi*operties to their parents. The 
meebanism by whicli the resemblances and variations were 
brought about received little study in the last century. Indeed 
it was hold by most biologists that environment had little in- 
riiienoe on the qualities of the different generations of any race, 
however much it might affect the individual in a particular 
geiieratioii. It was denied emphatically by the Darwinian evo¬ 
lutionists that the conditions of the environment could produce 
new characters in the descendants of any individual. While 
naturalists, in general, held these views, there were notable dib- 
sontienta from these doctrines! Physicians, who have many 
occasions for observation in this held, have in general believed 
that some acquired characters can be transmitted to the offspring. 

The progress of knowledge is showing us that the question of 
the inlieritance of acquired chaiticterb no longer interests this 
generation in the form in which it attracted the previous genera¬ 
tion A wider acquaintance with the qualities of a living thing 
has led us to have a more comprehensive idea of inheritance. 
Differences that seemed insurinountahle to older generations are 
no longer differences to us. We can produce an artiticial immu¬ 
nity to some particular chemical sulistauce, and we find that this 
immunity can be transmitted permanently to tite race. We can 
cause an animal or plant to acquire new characters, which seem 
to become fixed characters in succeeding generations. We find 
that the characters of animals and plants are much more labile 
.than had been supposed, and that it is a comparatively easy 
matter to engraft some new qualities upon them. Thera are 
limits to what can be done, but we have not yet fathomed what 
can be accomplished. It may be of interest to you to consider 
how some of these changes can be produced. 

We may take as an example the contra) of some of the quali¬ 
ties of mioro-organUms which are known to have such intimate 
relations with the existence of more differentiated animalB and 
plants. The behaviour of yeasts in connection with the oonver- 
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sion of glucose into alcohol and carbonic acid gas, the so-called 
alcoholic fermentation, will serve for this purpose. The ferment¬ 
ation of sweet liquids has attracted some attention from every 
generation of natural philobophers. The slow accumulation of 
real knowledge is illustrated by the fact that we have no record 
of any observation, current in our descriptions of the process, 
before the end of the seventeenth century. Until that date, it 
was thought that the spirit of the liquid made its escape in the 
heaving struggle of the bubbling liquid. Van Helmcnt identi- 
tied the gas vinorum escaping from the fermenting liquid with 
the gas sylvestre found in woods and caves or freed from marble 
by acids. Becher observed that only sweet liquids underwent 
this change Leeuwenhoek, indeed, saw the countless myriads 
of particles with his microscope, but did not connect their 
presence with fermentation. Another century rolled by before 
lAVoisier made use of the balance, and discovered that sugar is 
split into approxin^ately equal parts of alcohol and carbon 
dioxide. Cagniard Jjatour, using a better microscope, noted in 
1831 that the yeast particles multiplied hy budding, and that 
they were living plants. He suggested that the growth of these 
plants occasioned fermentation. Theodore'Schwann came to 
the conclusion that fermentation was brought about by the 
entrance of living micro-organisms into the fermenting liquid. 
Liebig denied the relation of the yeast-plants to the process of 
fermentation. He <ii‘ew a humorous picture of the yeast cell 
equipped with its still and condenser, furnishing alcohol and 
blowing off gas. He asked whether such scenes were really 
visible through the microscope. Later he accepted the yeast¬ 
cell as a living plant, but affirmed that its presence had nothing 
to do with the occasioning of fermentation. Pasteur showed 
that the sugar was split in the body of the yeast-plant, and 
attributed this decomposition to the vital powers of the living 
cell. Buchner demonstrated that an unorganised ferment could 
be separated from crushed yeast^sells, and that this lifeless body 
decomposed glucose into alcohol and carbon dioxide. It has 
taken more than two hundred and fifty years to gain this infor¬ 
mation. To those of you who know little of fermentation, our 
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knowledge seems very complete. The agent for decomposition 
is mode in the body of the yeast-plant, in which it remains. The 
sugar enters the yeast-plant and is split into roughly equal 
weights of alcohol and carbonic acid gas. To those who have a 
more extended acquaintance with those objects, it is obvious 
that much more has to be learnt. We are not aware how the 
sugar is split into alcohol and carl)on dioxide. The arrange¬ 
ment of the carbon, hydrogen, and oxygen in glucose does not 
make it easy to imagine a decomposition into alcohol and carbon 
dioxide. Further, we ha\e some knowledge that, without other 
agencies, such as the presence of salts of phosphoric acid, no 
decomposition of sugar can be accomplished by the ferment. 
Time will undoubtedly reveal other aspects of this phenomenon 
at present entirely unsuspected. 

rhe process of fermentation has not only a scientific aspect. 
It forms the basis of some manufacturing industries of great 
antiquity The preparation of wines, beers, and spirits is an 
application of this fermentation. Yeast is also used commer¬ 
cially in the manufacture of wheaten bread. In making bread, 
liakers mix dour, water, and a little salt with a small quantity 
of a specially prepared yeast at 28'3*C. The dough thus formed 
is kept warm, when it swells to three times its original volume. 
At the present time, doughs stand about nine hours in the 
troughs to ripen. With a greater amount of yeast, doughs ripen 
more quickly, and the time of waiting for the distended dough 
can be diminished. It is also found that a quantity of one yeast 
may be much more efficient in liberating gas in the dough than 
the same weight of another yeast. The yeast obtained by the 
brewers of beer in such large quantities, will not ripen a dough 
in the time required by a baker, even when used in large quan* 
titles. A yeast has to possess special characters if it is to bring 
about alcoholic fermentation rapidly in a baker’s dough. At 
one time it was supposed that some strains or races of yeast 
were capable of multiplying freely in a baker's dough, while 
others could not breed quickly under these conditions. It was 
supposed that it was necessary to search for these yeasts in 
nature and cultivate them. The capacity of fomenting doughs 
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at some suitable speed was considered a fixed character of each 
nice of yeast-cells. It was thought that the cultivation of tlie 
pn>geny of an individual possessed of this quality would produce 
a race with the desired properties. In practice, bakers found 
tliat it was impossible to continue the cultivation of a particular 
strain of yeast| as the fermenting power appeared to undergo 
deterioration. Kvery few weeks, a baker started a new stock of 
yeast. Failure in maintaining suitable yeast by continued culti¬ 
vation was ascribed to contamination of the stock by unsuitable 
yeasts. When I started my study on yeasts for tbe Advisory 
Council, I thought that my task was to isolate suitable races of 
yeast-cells and then to cultivate them under conditions which 
would prevent contamination with unsuitable yeasts. T hoped, 
indeed, to isolate the strains that I needed by physiological 
means rather than by bacteriological separation and the routine 
examination of the progeny of hundreds of individuals, but 1 
did not imagine that I was going to find that any race of yeast 
could be taught in a few days to ferment glucose quickly in a 
baker’s dough. Without going into details, 1 may say that I 
found that any yeast of the species SoAicharvmyceB e^rwittim^ 
growing under certain conditions in^a baker’s wort, caused rapid 
evolution of carbon dioxide in a dough. These conditions, as 
far as I could define them, wore a temperature less than that of 
dough, aeration with a plentiful supply of air, the presence of 
certain extractives from fiour, tbe presence of certain sulwtances 
from hops dotriiiiental to tbe growth of acid-forming bacteria 
and a particular concentration of the sugar and other products 
of malted starch. These conditions were so favourable to the 
growth of yeast that in the bakehouse of the Technical College^ 
Sydney, Mr. F. Elliott was able to keep one strain of yeast for 
making bread for almost six months. This yeast was so active 
that two and a half ounces of the moist yeast ripened four 
hundred and ten pounds of dough in six hours. If any of the 
conditions in the wort were altered, the yeast rapidly became 
qaite unsuited for making bread. 

Tbe manner in which the yeast is selected may be conceived 
in two different ways. Each yeaat-coH buds off daughter^oells 
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Some of these may possess a greater capacity for fermenting 
glucose in a dough than others. The conditions may favour a 
more speedy multiplication of these desirable cells. In this way 
the resulting yeast would be made up of a larger number of cells 
capable of inducing fermentation in the dough. On the other 
hand, we can suppose that the yeast-cells all l>ecome so altered by 
their environment that they can ferment the glucose in the dough 
more rapidly. It is not possible to explain wit)) certainty just 
what happens in this process. By cultivation from a single cell, 
yeast suitable for a baker can be obtained. It is therefore clear 
that tho desirable yeast may be selected from the progeny of a 
yeast not endowed with the required qualities. A similar 
selection is made in the dough. This explains the rapid ripening 
of doughs made with “ sponges.’* The elucidation of what 
happens is made clearer by study upon other organisms. 

When the Biuiillua coli communia is grown in a nutrient liquid 
containing glucose, both acid and gas are produced by the fer¬ 
mentation of tho glucose. The gas consists of carbon dioxide 
and hydrogen, and the acids which ai*e liberated, comprise lactic, 
acetic, succinic, and formic acids. It has been found by W. J, 
Penfold that strain.s af BaciUna coli communia which do not pix>- 
duce gas from glucose, can l)e isolated by cultivation in the 
presence of sodium mono-chloracetate. These races differ fji'om 
the typical parent-stock in their fermentative character on 
glucose, and no individual member of the selected race appears 
to retain the action of the typical parent micro-organism. The 
presence or absence of the quality of liberating gas enables us to 
recognise that, in the production of this character, every indi¬ 
vidual of the selected race exhibits the altered function. If a 
number of selected races are examined, it is, however, noted that 
some show a complete absence of the gas-forming quality, while 
others still retain more or less activity in this direction. The 
careful studies of Egerton Qray have enabled us to learn some¬ 
thing of the encymatic changes which accompany this selection. 
The estimation of the amount of the different products of the 
dmmposition of glucose supplies evidence to demonstrate that 
lactic acid is formed in greater amount, and acetic acid, formic 
aeid, and alcohol in less amount, by the selected strains than by 
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the typical micro-orgaiusm. Evidence has also been obtained 
to show that the failure to ferment glucose is associated with the 
absence for diminution) of the reducing ferments in the cell. In 
this way, the intermediate substance from whicli formic acid, 
acetic acid, and alcohol is forine<l, is not decomposed. The 
selection hy the sodium mono chloracetate can thus be explained 
on a rational chemical basis, since those inierobes endowed with 
reducing qualities would liberate hydrochloric acid, and thus 
occasion their extinction. Only microbes in which the reductase 
is absent or diminished, would survive. 

The study of these micro-organisms lias made it evident that 
the characters of these plants are determined by the conditions 
of the environment. The question remains as to whether such 
a conception can lie applied to higher forms. Have soil and 
climate any influence on the structure and functions of higher 
plants? There is much to suggest that the forms of plants are 
dependent on the interaction with the environment. Before 
this problem can be considered, it is necessary to obtain a better 
knowledge of the plants which occur together< in any district. 
Owing to the small aboriginal population and their low state of 
civilization, there has been little interference with the flora of 
this Continent. Studies can be made upon areas in which plants 
have grown together with little, if any, human selection. These 
areas are, however, being settled by the white population. 
Before these areas have been destroyed, it behoves our naturalists 
to make their survey. In this vast continent, we can travel 
from Cape Otway, in the south, to Cape York, in the north, 
without losing sight of one or other species of Eucalyptus. It 
is possible to go from Sydney, in the east, to the western shores 
of Australia without missing anywhere the familiar Eucalyptus. 
Is it not possible to determine what characters have enabled 
these trees to extend over such a vast area? May I suggest to 
you that the members of our Linnean Society consider the sys¬ 
tematic study of the distribution of our plants and the factors 
which determine their association. Such a labour would be a 
worthy memorial of the work of this generation, and would 
remain a testimony of our appreciation of the benefaction of our 
revered founder, Sir William Maoleay. 
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Mr. J, H. Campbell, Hon. Treasurer, presentcHl the lialance 
sheets for the year 1917, duly signed by the Auditor, Mr. F. H. 
Rayment, F.C.F. A., Incorporated Accountant, and be moved that 
they be received and adopted, which was carried unanimously. 
The income accounts ai*e summarised in the following table:— 


Headfl of Expenditure. 

(General. 

liacteriology.l 

FellOHHlllpH. 1 

ToUl. 


£ 

£ \ 

£ 

£ 

Adminiatration 

m 

5 

— 

1 5V1 

Maiitteasiioe .. 

30 

63 1 

— 


Publioatiun 

303 

1 

221 

524 

Heaearch (Kalanes) 

— 


i,r>25 

1,025 

Capital AooountH 

654 

100 

_ 

754 

TotalH 

1,582 

568 

1,746 

3,WW 

Income (all Hources) 

1,245 j 

567 

2,328 

4,140 


No nominations of other Candidates having been received, the 
President declared the following elections for tlie Current Session 
to be duly made:— Prkhiuknt: Professor H. 0. Chapman, M.D., 
B.S,— Members op Council (to fill six vacancies): Messrs. R. T. 
Baker, F.L,S., W. W. Fi*oggatt, F.L.S., Alex. Q, Hamilton, C. 
Hedley, F.L.S., Thomas Steel, F.L.S., and Q. A. Waterhouse, 
B.Sc., B.E.— Auditor: Mr. F. H. Rayment, F.C.P.A. 

On the motion of Dr. J. B. Cleland, a very cordial vote of 
thanks to the President, was caiTied by acclamation. 
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Audited and found correct Securities produced. 

F. H. Batubst. F.C.P.A^ Auditor. J. H. Campbeix. Hon. Treasurer 

SjfiMf, 12th Match, 1918. Sj/diuy, .^lot .lanniwT, 1918. 
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Audited and found eorrect Securities producerl. 

F. H, Batheivt, P.C.P.A., Auditor. j jj. Caupbeu,, Hon. Treasurer 

lah Maieh, 1918. Sirlu.y, 3Ut Jannaiy, 1918. 
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ORDINARY MONTHLY MEETING. 

March 27th, 1918. 

Professor H. Q. Chapman, M.D., B.8., President, in the Chair. 

The Donations and Exchanges received since the previous 
Monthly Meeting(28th NovemW, 1917),amounting tol6 Yols., 
166 Parts or Nos., 27 Bulletins, 8 Reports, and 7 Pamphlets, re¬ 
ceived from 75 Societies, Institutions, etc., and two private 
(ionors, were laid upon the table 
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THE OEOIX)GY OF THE LOWER ME80Z01C ROCKS 
OF QUEENSLAND, 

With special reference tu their Distribution and Fossil 
Flora, and their Correlation with the Lower Mesozoic 
Rocks of other parts of Australia. 

By a. B. Walkom, D.Sc., Assistant Lecturer in Geology, 
THE University of Queensland. 

(Plates i.-ii., and six Text^figui'es). 
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Introduction, and Scope of the Papkh. 

In Bu.stern Australia and Tabmania tiiere is do large develop¬ 
ment of rocks of marine origin, representing dcpoMtion during 
the period between the close ol* the PaleoKoic era and the 
beginning of the Cretaceous period. During this interval, with 
a single exception, the sediments deposited in this region were 
of origin other than marine; the organic remains included in 
these rocks consist for the most part of plants, but, in addition, 
fish^ and inscctsf are abundant on some horizons, phyllopods 
are represented by E»theria^ and pelecypods by Vnio and Unio- 
mlla. The exception mentioned above is the upper portion of 
the Wianaraatta Stage in New South Wales; the top of this 
stage is formed by a thickness of 100 feet of a calcareous rock, 
which contains a fauna of Ostracoda and Koraminifera. This 
fanna has been described by Chapman, whose conclusion regard¬ 
ing the species is as follows: * These undoubtedly represent a 
brackish or estuarine fauna, having a curious intermingling of 
Hhsetic and Lower Jurassic types, with others mure properly 
referable to the Upper Falmozoic of Kurope.”J 

The term *'Lower Mesozoic” will bo used throughout this 
work for these rocks; the natiio **Trias-Jura” has been generally 
used, but it is not a suitable one, and we have not lieen, up to 
the present, in a position to assign either a Triassic or Jurassic 
age definitely to all of them. The uamo Ijowei* Mesozoic may 
be used generally to include the whole of these rocks, and to 
refer to all the strata in Eastern Australia which were deposited 
between the close of the Palieuzoic era and the beginning of the 
Cretaceous period. 

* Woodward, Mom. (leul. Hurv. N. 8. WaIoh, Falicoiitology, Noh.4, 9, 10. 

t Etberidge and OUiff, ibid,, Palioantology, No.7; Tillyard, Queensland 
Qeol. Surv., Publication No.253. 

$ Records Geol. 8urv. N. S. Wales, viii., p,335, 1900. 
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The correlation of these beds is necessarily based on the fossil 
plants, since they are the only remains wliich are of widespread 
distribution. In the past, fossil plants have formed a very 
uncertain means for the accurate correlation of strata. This has 
been due, particularly in the case of Australia, to imperfect 
study of the material available. This statement is not made to 
detract from the value of the work done by the earlier Australian 
geologists; we owe much to their efforts, for they did an immense 
amount of work under conditions much less favourable than 
those under which we work at the present time. The vastly 
improved conditions existing at the present day must always be 
borne in mind, when the work of the older geologists is under 
consideration; this point cannot be too strongly emphasised, foe 
there is very often a tendency to forget or overlook it. 

The author has just completed an exaiiiination of the fossil 
flora of the Queensland Lower Mesozoic strata,* and the present 
paper is concerned chiefly with a discussion (»f the results of 
that examination. 

Briefly stated, the object of this contribution to Australian 
Geology is to attempt to place the correlation of the ]A>wer 
Mesozoic rocks of Australia on a sound basis. The paper 
aims at: 

(а) Dealing in a fairly comprehensive manner with the general 
characters and distribution of the Lower Mesozoic rocks of 
Queensland. 

(б) A critical discussion of the relations of the flora of these 
rocks 

(c) A comparison and correlation of the Lower Mesozoic mcks 
of Queensland with other Lower Mesozoic rocks of Australia, 
paying particular attention to the relations of the fossil floras of 
the various occurrences to one another. 

(d) The determination of the position of the Australian Lower 
Mesozoic rocks in the Geological Record. And 

(«) A discussion of the palasogeography of tlie Australasian 
region during Lower Mesozoic time. 

* Queensland Oeul. 8urv., Bublicatiuns KoH.*i3:2, 237, 239. 
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Tt maybe of advantage hereto summarise the present position 
of our knowledge of the Horas of Australian Lower Mesozoic 
rocks. 

Hocks of this age are developed in all the Australian States, 
but only in Western Australia are they of marine origin. The 
state of our knowledge of the fossil floras cannot be considered 
satisfactory. In Western Australia, the number of plants in 
these rocks is very small, but the fact, that they are associated 
with strata containing marine fossils, is of great importance as 
giving some indication regarding their exact position in the 
Geological Kecord. Jn ISoutb Australia, a few fossil plants have 
been de8cril>ed from the l.iOwer Mesozoic rocks at LeighCreek, 
and PhyHopUrts Fniatmanieli has also been recorded from Ooroo 
wilanie Swamp, 100 miles north of Leigh’s Creek; this latter 
record may be from the Cretaceous rocks overlying the Hulling 
Downs Series. In Tasmania, fossil plants are abundant, and a 
large number have been described and figured from Lower 
Mesozoic rocks Unfortunately, some of the determinations 
are open to doubt, and many of the figures and description are 
too imperfect to be of value in a comparison of the Tasmanian 
Mesozoic flora with other Australian Mesozoic floras In Vic> 
toria, Lower Mesozoic rocks occur in tliree areas (South Gipps- 
land, Cape Otway, and Waniion areas). A collection of fossil 
plants from these strata has been described by Professor Reward, 
and more recent additions have been determined by Mr. F. 
Chapman. This flora has been determined as of Jurassic age, 
and it is sufficiently well-known to enable reliable comparison to 
be made with other floras. In New South Wales, fossil plants 
are abundant in Lower Mesozoic rocks, but no comprehensive 
examination of the whole flora has been undertaken. Lists of 
the floras of the different Beries, prepared by Mr. W. S. Dun, 
were published in Carne’s memoir on the Western Coalfield of 
New South HI'ales, in IVOb. These have been supplemented, 
fi^m time to time, by descriptions of additional specimens, by 
Mr. Dud. From these lists, it is possible to obtain a fairly good 
idea of the flora of the Lower Mesozoic rocks in New Uouth 
Wales. In Queensland, the author has just completed an ex- 
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aniination and revision of the floras of the Tpswich and Walloon 
Series, the results of which have been published by the Queens¬ 
land Geological Survey. 

The correlation of the I^wer Mesozoic rocks of Australia 
(based mainly on their fossil floras) and their exact position in 
the Geological Record have been the subject of much discussion, 
and different views regarding their correlation have been put 
forwanl from time to time. In a summary of the literature 
dealing with the Queensland Lower Mesozoic rocks,* 1 have 
already briefly summarised the majority of these views, and 
there is no need to discuss them in further detail here It is 
sufficient to state that no finality has l>een reached on this point, 
and, in many cases, conclusions have been based on insufficient 
evidence. 

As a result of my examination of the Queensland fossil floia, 
together with a consideration of the evidence of the fossil faunas, 
and, in addition, general considerations of the strata containing 
the fossils, certain conclusions regarding the correlation of the 
various series have been arrived at (see p/Jo) which differ from 
any previously put forward. 

Acknowlboghkntb. 
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* Queensland Geol, 8arv., Publioation No.202, p-6. 
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Prbyiovs Litjsraturk. 

Most of the papers dealing directly witli the subject of the 
Jjower Mesozoic rocks of Queensland, or their flora, have already 
been briefly summarised in an earlier paper, but there are a few 
additional papers to which reference may be made here. 

Mr. C Hedley, in his Presidential Address to Hection D of 
the Australasian Association for the Advancement of Science 
in 1909, published two maps of tbe Queensland region in Meso 
zoic time, one reproduced after Neumayr, showing the distribu¬ 
tion of land and water in Triasaic time; and the other original, 
showing the same at the close of the Mesozoic Era. 

Dr. H. L Jensen, in a paper entitled ''The Building of Eastern 
Australia,”* has many references to the Lower Mesozoic rocks. 
The paper partakes rather of the nature of a summary of views 

* Proo. Roy. 8oc. Queensland, xxiii., Pt.lf, 1912, p.I40. 
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the author Btating in his introduction that the object of tlio 
paper ** is not to offer the reader any really new material, but 
rather to present the knowledge we already fxissess in a concise 

form. ” Nevertheless, many interesting points are raised, 

one or two of which bear more particularly on the problem of 
the liower Meso/oic, and these will be referred to later. A 
Hories of maps accotiipanies the paper, showing suggested dis¬ 
tribution of land and sea in the Australian region during the 
various geological perirjds. 

Mr. K. C. Saint-Smith has carried out extensive observations 
on the liower Mesozoic rocks in the Homa District, and presented 
a summary of his results* to the Second Interstate Conference 
on Artesian Water. These observations cover a very large area 
of Lower Mesozoic rocks, and fossil plants were found at various 
localities. The present author had the pleasui^ of accompanying 
Mr. 8aint-8mith on a reconiiaisatice'trip over part of the area 
between Yeulba, Goongarry (Hornet Bank Station), and lloma, 
and run confirm Mr. 8uitit-8mith s remarks regarding the strata 
of that area. 'J'he greater part of the country traversed consists 
of outcrops of sandstones, with, here and there, shales and coat- 
scams, belonging to tlie e(|uivaleiits of tlie Walloon Series 

Professor David, in the Federal Handbook for the Meeting of 
the British Association fur the Adviinceinent of Science in Aus¬ 
tralia in 1914, refers briefly to the Lower Mesozoic rocks of 
Queensland, which he classes as Jurassic. 

Mr. H. J. Tillyard has descril>ed a number of fossil insects, 
fi*otn lA>wer Mesozoic rocks in Queensland and New 8outh 
Wales.t The majority of the insects were obtained from 
Denmark Hill, Ipswich, in strata belonging to tlio Ipswich 
Heries, and others fi*ura 8t, FeteFs, near Sydney, N.8.W., from 
the Wianamatta Stage of the llawkeahury Series. Twenty-two 
species were described from the Ipswich Series, and six species 
from the Wianamatta Beds. 

The insects appear to he of considerable interest from the 

* Rapt. Seoond InteratateGrmferenoeoii Aitesian Water, Brisbane, 1914, 
p.l9. 

\ (jnoenHland Gaul. Siirv,, PubLioatiou No.*i59. 
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point of view of the phylogeny of the Tnsecta, but the results, 
up to the present, do not indicato that they will be of material 
value in the determination of horizons, or in fixing the position 
of the strata in the Geological Record. 

Tn Appendix B to the School Geography of Queensland/’ by 
G. Harrap, published in 1916, Mr. Dunstan gives a new classi- 
fication of the geological formations of Queensland In this 
classification, the lAiwer Mesozoic rocks are divided into (l)Tri> 
assio and Jurassic, the Ipswich Series and Bundamba Series 
being classed as (f)Tria86ic, and the Walloon Series as Jurassic. 
No definite evidence is given for the separation. Included also 
in the Jurassic are the tracliytes of the Glasshouse Mts., which 
all recent work goes to show are of Cainozoic age. 

Professor Bchuchert, in a paper recently issued, entitled *‘The 
Problem of Continental Fracturing and Diastrophism in Ocean- 
ica,”* gives a series of pulieogeograpliic maps of Oceania; these 
include one showing the distribution of land and water in the 
Triassic period. 

Mr. E. C. Andrews, in a recent paper entitled Notes on the 
Structural Relations of Australasia, New Guinea, and New Zear 
land,”t makes many statements which invite criticism, some of 
them coming within the scope of this paper. Ue considers the 
growth of Australia, New Guinea, New Caledonia, and New 
Zealand as independent units. The question suggests itself— 
Are not these portions of the one continental mass, which have 
become separated as a result of folding-inovenientsl In discuss¬ 
ing the Irias-Jura, he infers two basins of deposition in New 
Houth Wales and Queensland, viz.: tlie Hawkesbury basin, and 
a nortbei'D basin, separated by high land-barriers, and with 
sedimentation taking place simultaneously in the two basins. 

There are many papers dealing with the volcanic rocks of 
south-eastern Queensland, in which passing reference is made to 
the Lower Mesozoic rocks occurring in the same area as the 
volcanic rocks. It is unnecessary to mention these in detail 


Amer. Joum. Boi., xlii., 1916, p.91. 
t Joum. GeoL, xxiv,, 1916, p.7dl. 
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here; Hueh papers include the works of Jensen, Wearne and 
Woolnough, and Richards, in addition to the publications of the 
Queensland Geological Survey. 

The Lower Mesozoic Hocks ov Queensland. 

(a) —Until quite recently, the Lower Mesozoic ix>cks 

of Queensland have been officially designated “Trias-Jura,” 
This name was first used in 1892, it being suggested that the 
Hiirruin and Ipswich Fuiniations represented a period of time 
extending from the base of the Trias to the tup of the Oolite.* 
Prior to that date, in 1888, regarding the Ipswich and Burrum 
Formations, Jack saysf “The Burrum Coalfield is plainly on a 
higher horizon than the Bowen River field [Permo-Carbonifer¬ 
ous]. Tt contains a fossil flora in which many plants are common 
to the Mesozoic Ipswich Furiiiution, and also, it is said, GlOBBop- 
ieritt with a very meagre fauna, most of it peculiar to the coal¬ 
field.” .“Probably to call it Triassic would not be very far 

from the mark, in at least a homotaxial sense.In the same 
paper, speaking of the Ipswich coalfield, lie says “ The coalfield 
contains an abundant fossil flora of a strongly Jurassic facies, 
and is probably the equivalent of the Clarence River beds of 
New South Wales.” 

Tt appears, then, that the recording of Oloaaopteru in the 
Burrum Formation was originally responsible for its being 
regarded as older than the Ipswich Formation. There is, how¬ 
ever, no authentic record of the presence of Oh$$opteri$ in the 
Burrum Series. 

When the two formations were united, in 1892, as the Triaa- 
Jura, the Burrum Formation was regarded as Lower, and the 
Ipswich Formation as Upper Trias Jura.| Ten species of plants 
were described by Etheridge from the Burrum Formation, and 
thirty-one from the Ipswich, The two formations were not 
known in contact in the field, so there was no stratigraphic 
evidence as to their relation to one another, and this bad to 

* Geology and Paheontology of Queensland, 1892, p.312. 
t Report Aust. Aisoo, Adv. Soi., i., 1880, p.l06. 

Geology and Palieontology of Queensland, 1892, p.312. 
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be determined from the contained fossil plants. The fossils, 
which were available from the Hitrruin Formation at the time, 
were, unfortunately, fragmentary, and were ncit a representative 
collection. Further collections have l>cen obtained from time to 
time since, and a cursory examination of the inatei'ial now avail¬ 
able in the Geological Survey collections shows distinct difler 
ences from the floras of the Ipswich and Walloon Heries. Tt is 
intended that an examination of the Burrnin flora will Ih; under¬ 
taken after the completion of the present paper. 

In 1907, Mr. Cameron, in discussing the age of the Ipswicli 
Formation, says* “The evidence f«*r considering the Burrum 
Beds as belonging to an earlier period of the Trias-Jura is not 
conclusive. The two formations have long lieen considered as 
identical in age by the Geological Survey, and the recent obser¬ 
vations of Mr, Jensen lend confirmation to that conclusion.’’ 

Our present knowledge shows tliat a large part of what was» 
at that time (1907), legarded a.s |)art of the Burrum Formation, 
is actually a continuation of the upper series of what was con¬ 
sidered then as the Ipswich Formation. Or. Jensen had 
recorded the fact that these were continuous in the field in the 
neighbourhood of Point Arkwright.f 

The question of the ago and extent of the Burrum Formation 
has, however, been established beyond doubt by the obser\ ations 
in the field of Mr. Ounstan. As a result of these observations, 
it is now certain that the Burrum Series, in the Maryl>orough- 
Howard district, overlies, with apparent stratigraphic confoim- 
ity,t rocks of marine origin, whose contained fossils indicate a 
Cretaceous age, probably equivalent to the Rolling Downs Forma¬ 
tion of Western Queensland. Mr. Dunstan lias also shown that 
the strata to the south and south-west of Maryborough, origin¬ 
ally mapped as part of the Burrum Formation, dip towards the 
north-east beneath the marine Cretaceous rocks, and are equiva¬ 
lent to the Walloon Series. For these equivalents of the 

* Queensland Oeol, Surv,, Publication No. 294, pp.l2, 13. 
t Proo. Linn. 8oo. N. S. Wales, 1006, xxxi., pp.74-75. 

(Ann. Kept Dept Mines, Queensland, 1011(1012), p.l05; Queensland 
Oovt Milling Journ., xili.(1012), p.641. 




BY A. B. WALKOM. 


47 


Walloon Series in this area, Mr. Dunstan has proposed the 
name “ Tiaro Series/’* 

Of the two formatioiiEi which were uiiitetl to form the so-called 
Trias-Jura System, then, one has been removed into the Creta¬ 
ceous System, and the remaining one (the Ipswich Formation; 
is that which was originally regarded as the probable equivalent 
of the Jurassic System. 

The Ipswich Formation was divided into three Series by Mr. 

' Cameron, viz.: Ipswich Series, Uundainba Series, and Walloon 
Series. The use of the teinis Ipswich Formation and Ipswich 
Series (part of the Ipswich Formation) has proliably led to a 
certain amount of confusion, but the removal of the Burrum 
Formation to the Cretaceous System renders the use of the name 
Ipswich Formation superfluous, and it would he an advantage 
to abandon it. 

{b) Geological SucccHaion .—The Lower Mesor-oic rocks of 
Queensland cotisi.st of three Series, viz. 

3. Walloon Series (Upper). 

2. Bundamba Series (Middle). 

1. Ipswich Series (Lower). 

The complete succession is found only in South-CHStern Queens¬ 
land, where a considerable amount of detailed geological woik 
has been carried out, chiefly because both Ipswich and Walloon 
Series contain workable coal seams. 

The Ipswich district has lieen examined in detail by Mr. 
Cameron, who has published two reports on the area,t and is 
preparing a third, incorporating the results of recent develop¬ 
ments in the district. 

South-east Moreton has been the subject of investigation by 
Mr. E. O. Marks, late of the Queensland Geological Survey, 
whose results are embodied in a publication entitled **Tbe Coal- 
Measures of South-east Moreton. The examination of the 
continuation of the Coal-Measures, from the area examined by 

* See Rept. Second Interstate Conference on Artesian Water, Hrlsbane, 
1014, p.7. 

t Queensland Geol. Surv., Publioatione 147, 204. 
i QueenHland («eul. Surv., Publioation 225* 
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Mr. Marks towards the New South Wales border, has been coni- 
meneed by Mr. J, H. Heid, of the (ieolo]i;ical Survey. 

Other areas of Lower Mesozoic rocka in Queensland have been 
studied in detail by other officers of the Geological Survey, the 
more important ones being: the Stan well Coal-Measures, ex¬ 
amined by Mr. Ounstan;* the Laura Coal^eld, west of Cooktown, 
by Mr. Ba)];t the Lower Mesozoic rocks in the Roma district, 
by Mr. Saint-Smith. Unfortunately, the full results of Mr. 
Saint^Smith’s work have not been published, but a summary was 
communicated to the Second Interstate Conference on Artesian 
Water. { For local details reganiing these areas, reference niu&t 
be made to these publications. 

(c) Lithological UAarac^erz.—The lithological characters of the 
Lower Mesozoic rocks in Queensland do not call for very special 
remark. For the greater part, they consist of sandstones and 
shales in varying prciportions, with which are associated occa¬ 
sional conglomerates, grits, and also coal seams. 

The Ipswich Heries consists, for the most part, of light-coloured 
shales and sandstones, with associated conglomerates, and four¬ 
teen or fifteen workable coal-seams. There are coarse conglom¬ 
erates developed near the base of the series, indicating vigorous 
erosion in the early portion of the period. 

The Brisbane Tuff, which is near the base of the Ipswich 
Series in the Brisbane area, is a ruck probably of volcanic origin 
(though there is no indication of its source), resulting from the 
deposition of volcanic ash of acid nature over a long, narrow area 
in the vicinity of Brisbane. The general direction of the out¬ 
crop of this belt of tuff is N.30*W. As far as known, there are 
no volcanic rocks of undoubted Lower Mesozoic age in South¬ 
eastern Quernislsnd, with the exception of a series of andesites 
south of Maryborough, which are apparently interbedded in the 
Tiar(»'‘-lMt^es. Marks, Andrews, and Weame and Woolnougb 
have, at times, advocated a Lower Mesozoic (Trias-Jura) age for 

* Queensland Oeol. Barv., PaUioation 131. 
t Queensland OeoL Barv., ^blioation 222, p.6. • 
t Report Second lutentate Uonferenoe on Artesian Water, Brisbane, 
1914, p.19. 
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Mime of the South eKst Queenslaiul volraiiie i*oeks, Imt Dr. 
UichardK has recently examined all their evidence'*^ and ehoM'ii 
that, in each case, there is no doubt that the volcanic rocks are 
of Gainozoic age. Since then, Mr. Dunstan has placed tike 
volcanic rucks of the Glasshouse Mountains in the (?)l^'alloon 
Series,! the only fteld-evidence regarding the age of these rocks 
is that they are iiitru.sive through a series of saiidhtoneH, which 
Mr. Dunstan tielieved, at the time, to belong to the Ipswich 
Series. On the evidence of the relationship between these vol¬ 
canic rocks and other volcanic rocks of South eastern Queensland, 
their age ceitainly seeiiis to bo Cainozoic. Some of the lieds of 
the Ipswich Series at Denmark Hill, Ipswich, are regarded by 
Mr. Dunstan as tuilaceous in character. | 

The Rundamba Series, whicli succeeds the Ipswich Series, 
consists, for the most part, of massive sandstones. With the 
exception of one coal seam about 1 foot, 6 iiudies tliick, known 
as the West Moreton seam, they have proved unproductive of 
coal; they are also practically Imrron of fossils, the only record 
being of silicified wood. The basal portion of the Rundamba 
Series lies about seventy feet above the top seam (Alierdare 
seam) in the Ipswich Serie.s, and consists of coarse grits and 
conglomerates. 

The Walloon Series, lithologically, is of somewhat similar 
nature to the Ipswich Series. In consists mainly of compara¬ 
tively soft sandstones, with which are interbedded fine-grained 
shales and coal-seams. Conglomerates are developed, but are of 
limited occurrence. The soft sandstones and shales weather 
away rapidly, and, consequently, in many places, outcrops are few 
and inconspicuous. 

In the Stewart’s Creek (Stanwell) district, the Series includes 
a hard, white, siliceous tuff in which abundant fossils are pi*e- 
served. 

A remarkable feature in the Walloon Series is the very wide- 

* For samniory of evidence, He Proo. Hoy. Hoc. Queensland, xxvii. (2), 
1919, P.12C1. 

t Harrap's School Geogtaphy of Queensland, Appendix B, p 167, 
t Queensland Geol. Surv., Publication No.2S8, p.3 
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spread distribution of a fine-grained, ferruginous sandstone. 
This rock is very cliaracteristic, and is developed on one or 
pfirhaps more horizonb. It lias lieen observed from the f<»llowing 
localities: Heaudescrt, Kalbar (late Engelsburg), near Warwick, 
near Toowoomba, three miles north of Texas, a number of 
localities in the Walluinbilla-Honia district, and Stewart's 
Creek, Rock hampton. All those occurrences are in the Walloon 
Series or its equivalents. This rock, in nearly every case, 
contains fossil plants, the genus Otosamites being particularly 
characteristic. It is also to be noted that, in the Jurassic 
rocks of Western Au.straliA, Otozamites occurs in a fine-grained, 
ferruginous sandstone. 

The widespread distribution of this rock, apparently on a few 
horizons, leads us to believe that it gives indication of some 
special conditions of deposition. It would, however, be useless 
to attempt to account adequately for it in the present state of 
our knowledge of the conditions under which these beds were 
laid down; most of the areas from which it lias been obtained 
liavo not yet been studied in detail geologically. 

(d) Coals ,—The development of a number of coat-seains of 
workable quality and thickness is an important feature of the 
Jiower Mesozoic iticks of Queensland. Coal is obtained from 
both the Ipswich and Walloon Series, and the character of th<* 
coal from the two Series is generally distinct. This distinction 
has been expressed hoih by Mr. Cameron and Mr Marks. Tlie 
former, speaking of the Walloon coals, says* ‘‘the coals hitherto 
found show characteristic concboidal fracture in the hand speci- 
men, burn readily with a long, luminous flame, and give off a 
much larger proportion of volatile hydrocarbons when heated in 
a closed vessel than do the brittle, bituminous coals of the 
Ipswich Beda," 

On the same subject, Marks sayst “The Walloon Beds are 
characterised by coala which, like those of the Darling Downs, 
are of the nature of a oannel coal—highly gaseous, hainl, and 


* QueenBlaiul Ueol. Surv., Publioation No/2l4, p.l6, 
f Queensland Geol. Surv., Publioation Na*J25, p.R. 
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breaking with a conoboidal fi'a<*ture, in eon trust to the more 
brittle bituminous coal of tlie Jpswicb Heds.” 

The JpHwicIi coals are steam coals, and are suitable for heating 
and coke-making; the Walloon coals are essentially gas coals. A 
table of typical analyses of the c<»alH from various areas ba.s been 
published by Mr Dunstan,* from which we may cpiote the typical 
Ipbwicli and Walloon coals for comparison. 


IpHuicIi 




Mean %. j Kan^e. j M<‘aii '' Range. 


MoiHtiiie 


' 2*0 

0*7 ' 

00 

H 4 

Vitlatib liyiliiKiiirlioiis 

27*0 

1 M:t 

21 

(1 

10 2;t 

Kixwl cailKin 

.*18 ‘.7 

1 72 


U 0 

48 2« 

AmIi 

14*0 

! 21 

4 i 

MO 

2 r) 0 


The moat notable point of contrast lietween the two is in the 
relation of volatile hydrocarbons to fixed carbon, in the Ipswich 
the latter is very much in excess of the former, while, in 
the Walloon coals, the two of about tlie same value. In 
some cases, Walloon coals show a much liigber percentage of 
fixed carbon than of volatile hydrocarl>ons, and the analysis is 
then indistinguishable from that of Ipswich coals; in these cases, 
however, the field relations of the strata usually supply the ex¬ 
planation for this irregularity, by the presence of intrusive rocks 
not far away, and resultant alteration of the coal. 

In normal cases, then, there is a more or less marked distinc¬ 
tion l>etween the coals of the Ipswich and Walloon Series in 
Queensland, and this distinction is of some practical value in 
helping to distinguish between the two ISeries. The Walloon 
coals are distinctive, and can frequently be recognbed with a 
reasonable amount of certainty as l)elongiiig to that Series. The 
Ipswich coals, however, though they are distinct from the Wall¬ 
oon coals, are very similar to the coals of the Burruui Series, of 
Cretaceous age, and their age cannot l>e identified by the nature 
of the coal. 


QueeiisUmd Oeol Surv., Publioatiuii No,289, 
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(tf) Extent and DietribntiMU- -(i.) The Ipawieh Series ,—The 
TpBwich Heriee is of coinfiaratively limited extent, and has a 
tliickness, in the type district, of alK>ut 2,000 to 2,500 feet, as 
estimated by Mr. W, E. Oameron Tis })est development is in 
the Ipswich district, where the strata have Ijeen studied in detail 
by Mr, Oameron.*^ 

North'West of tiie town of Ipswich, the north-western end of 
the Ipswich Series is hidden by Caiiiozoie rocks Mapping; in 
tliis portion of the area has not l)eeti carried out in detail, but 
apparently the Ipswich Series cuts out between the Kundamlm 
Series and Brisbane Schists (as shown in Plate ii.), and it is not 
known to outcrop further in this direction. It is, of course, pos¬ 
sible that this series extencis some distance north under the 
Walloon Series, but one might expect, in this case, to find some 
indication of its presence by outcrops between the outcrops of 
the Walloon Series and the older rocks to the east. 

From Ipswich, the Ipswich Series extends in a genera) easterly 
direction to Oxley, where it disappears beneath overlying Oaino- 
zoic rocks, as shown on the most recent maps prepared by Mr. 
Cameron. It reappears along a line running approximately 
N,30*W.-S.30*E through Brislmne, and is succeeded to the east 
by a line of schists of PalsBozoic age. This belt of Palnuzoic 
rock is not very wide here, and, on the eastern side of it, the 
Ipswich Series reappears. Between Mt. Cotton and Mt. Petrie, 
the two l)elt8 of 1 pswich Series are in direct connection, as also 
are they between Mt. Petrie and Wiiite's Hill 

Still going to the east, the Ipswich Series again disappears 
under the overlying Bundainba sandstone along a line running 
in a N,S0*W. direction through Heminaiit, and reappears on the 
other side of a syxicline at various points on the coast south of 
the Brisbane River. The axis of this syncline is in a direction 
N.30*W.^.30*E. 

The whole of the Ipswich Series so far described skirts the 
southern extremity of an extensive occurrence of the schists 
known as the Brisbane Schists, whose age is uncertain, and can 
only be stated definitely as Pre-Mesozoic. 

* Qaesnsland Geol. Sorv., PubUoations Nos. 147, 204. 
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From the Brisbane River, extending north as far as Mary¬ 
borough, there is a narrow, coastal belt of Tjower Mesozoic rocks. 
These are, here and there, intruded or overlain by volcanic roc*ks 
of Cainozoic age, with which we are not concerned here. The 
Mesozoic rocks of this coastal belt are gently folded into anti¬ 
clines and synedines, the general direction of dip being north¬ 
easterly or south-westerly. 

This coastal belt averages about 15 to 20 miles in width At 
its southern end, it consists of rocks of the Ipswich Series, repre¬ 
senting a continuation of the syncline just mentioned south of 
the Brisbane Biver. The Bundamba sand8t<ine in this synclinal 
area does not extend much north of tlie Brisbane River, and 
appears to be entirely surrounded on its northern end by the 
Jpswicii Series. The north-eastern side of this syncline, pro¬ 
duced northwards, forms the south-western arm of an anticline 
whoso axis passes approximately througli the region of the 
Glasshouse Mountains, in a direction and whose north¬ 

eastern arm dips away towards the north-cast under the sand¬ 
stones of the 'i'oorbul Point-I.iandsborougli district, which pro¬ 
bably represent the Bundamba Beries. 

This is the last that is seen of the outcrop of the Ipswich 
Series, and their extent under the Bundamba Senes to the east 
and north east cannot be determined. 

The distribution of this sieries is indicated generally in Plate ii. 

(ii.) The Hwukmba iSfries.—The Bundamba Series comprises 
a development of massive sandstones in which there are practi¬ 
cally no fossils, the only ones so far recorded being examples of 
fossil wood. Mr. Cameron estimates the thickness of the Series 
at between 3,000 and 5,000 feet. 

This tieries overlies the Ipswich Series conformably. It ex¬ 
tends, roughly, from the Ipswich District eastwards to a little 
beyond the railway-line between Soutli Brislmne and Kingston, 
and in a general soutli-easterly direction past Canungra to the 
New jsouth Wales border. It is impossible, in this area, to 
define accurately the limits of the formation, but its existence is 
beyond doubt. Mr. Dunstan has recently olmerved it in New 
South Wales, not far from Mt. Warning. 
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The Series also occupies a synclino, with an axis in a direction 
approximately N.30*W.-S.30*K, between Heuinmnt and Wyn- 
num, extending southwards to about the latitude of Redland 
Bay, and northwards only just beyond the Brisbane River. 
Further north, there is a parallel belt of the Bundaniba Sand 
stone extending from Toorbul Point in a direction approximately 
N.30*W. through the T^andsborough district. The presence of 
tile Bundamba sandstones has been indicated at Toorbul Point 
by Mr. Cameron.* At this point, a Ixire (the Bribie View Bore) 
in Portion 28, Parish of Toorbul, passed through 508 feet of 
massive sandstones, with one or two seams of hard, black, sandy 
shales and, near the bottom, pebbly conglomerates* no coal-seams 
were observed in these sandstones. Mr. Cameron correlaterl these 
sandstones with the Bundamba grits and conglomerates occurring 
at Logan Village. The sandstones of the I.iandsborough district 
have been correlated with the Bundamba Series by M r. Dunstan.t 

It can thus be recognised, that there is a belt of the Bundamba 
Series running through this urea, and its position can be defined 
in a general way, but the exact determinatioii of its boundaries 
would involve a careful geological survey of the whole area, and 
it is not certain even tlieii that the boundaries could he accu¬ 
rately defined. 

This belt disappears towards the north east under the southern 
extension of the IMaro Series, which is equivalent to the Walloon 
Series. I'he distribution of the Series is indicated in Plate ii. 

The Helidon sandstones may be the equivalents of tlie Biiii 
daiiiba sandstones, as suggested by Mr. DuiistHii,t but we do not 
know sufiicient detail of the geology of the Hclidoii district, at 
present, to be sure of their position. 

(iii.) ThB S^rieB .—The rocks lielonging to this Series 

cover a vastly wider area than either the Ipswich or Bundamba 
Series. Their distribution is indicated in Plates i. and ii. In 
South-eastern Queensland, they outcrop over most of the country 
between a line drawn from just west of Esk to Toowoomba, 
thence along the eastern foot of the Main Bange to the Row 

* Ann. Kept. Dept. Mines, Queensland, 1908, p.l72. 
t Queeneland Ueol. 8urv., Publioatioii No 252, p.4. 
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South Wales horcJer, and a line drawn muf'lily fiom Ipswirh to 
(^aiiuiigra, and thence to tlie New St)Uth Wales Lordet*. In a 
good deal of this area, they are overlain by volcanic rtM^ks of 
Caiiiozoic age, hut there is no doubt that they arc practically 
continuous through the whole area. In addition, there is a belt, 
Hve to fifteen miles wide, from Esk up the valley of the Brishane 
River nearly to Co<»yar Creek, but this belt is nut a continuous 
outcrop; there is also an extension from Esk in a north-easterly 
direction past Mt. HrisVmtie. 

Rocks belonging to tlie Walloon 8eries also outcrop very ex¬ 
tensively to the west of the Main Divide There is probably a 
continuous licit from the New South Wales border near Kil- 
Jarncy, running through Warwick to ])alby and Chinchilla, then 
swinging round to an east and west direction parallel to the 
rail way-line past Roma. The exact extent of the belt past this 
point is not absolutely proven, but there seems little doubt that 
it swings round in a general north^nortli-westerly flireetion, and 
extends right to the (lulf of Carpeiitaiia towards (Ja|je York. 
Mr. Dunstan* has placed, in the W'alloori Series, sandstones and 
shales in this lieltattlie following localities; the Upper Maraiioa 
River, the Upper Dawson River, Jericho, the Upper Flinders 
River,Croydon, and probably the heads of the rivers flowing west- 
erly across the Cape York peninsula to the Gulf of Carpentaria. 

This belt dips to the west and south-west, and underlies, with 
apparent conformity, the marine Cretaceous rocks of the Ilollitig 
Downs Beries. In the east, the Walloon Series is rejireserited 
by a number of occurrences scattered over a very wide area. To 
the south and south-west of Maryborough is the Tiaro Series 
(equivalent to the Walloon Series); other occurrences include 
those at Callide Creek, Wes twood-Wycarbah-S tan well district, 
Waterpark, Brovinia, a small area about 10-15 miles west of 
Muudubbera, a small area west of the Burnett River in latitude 
25* 45'S., a small area west of Baranibah Creek in latitude 26*8, 
at Mondure on Baramliah Creek, and the Laura Coalfield, Cook* 
town district. The exact positions of these areas are shown on 


Karrap’s Geography of Queensland, lfU6, p.166. 
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Plates 3, 6, and 9 of tlie Queensland Mineral Index. On Plate 
11 of the same work, a stiiall patch is shown as l)elonj{ing to the 
Walloon Heries, Just west of Anakie. Mr. Dunstan, who in¬ 
vestigated the Anakie district some years a^>^o, kindly in formed 
me that there is no representative of the Walloon Series in that 
district, and that the colouring of this area as Walloon was due 
to an error in lithographing. Another area, to which attention 
should lie called, is that of the Styx Uiver, marked on Plate 3 
of the Mineral Index as belonging to the Ipswich Series. Mr. 
Dunstan now believes this to be of Cietaceous age, and has 
recently obtained, from the Styx River Coal-Measures, a frag¬ 
ment which appears to be a dicotyledonous leaf. This is an 
interesting 6nd, and tlic greatest age, which can reasonably he 
assigned to these Measures in view of it, is Cretaceous. 

In the case of most of the isolated occurrences of the Walloon 
Series Just mentioned, there is sufficient evidence to render it 
almost certain that the determiiiatjoii of the age is correct. I'lie 
evidence is here sumraarised :— 

In the Westwood-Wycarhah-8tanwell district, the fossil flora 
is distinctly of the W'alloon type (infra^ Table vii.). At Water- 
park, the coal is of W^alloon type, but there appears to bo no 
record of fossils The areas in the vicinities of Brovinla, Mun- 
dubbera, Burnett River, Baraiiibub C^reek, and Mondurc are all 
residuals, occupying leather higher ground, and Mr. Dunstan is 
of opinion that they undoubtedly represent outliers of the exten¬ 
sive outcrop a little to the south-west. In the Laura coalfield, 
the strata consist of arenaceous beds, with occasional thin beds 
of shale and coal seams. Mr. Ball records the finding of the 
following fossils: PhyUotheca(^\ Tivniajderis^ AUlhoptmiB^ Brn- 
ekyphyl^Mm^ and 7Tlie presence of Brachyphyllum and 
TaxU^^) is sufficient to indicate a Walloon age. In the remain¬ 
ing area, Callide Creek, there is no definite indication of age; 
the fossils, Thint^fddxa odrniiopts^'oidttB [ = 1\ FeiBimanitli]^ and 
Tmiiopim'U sp., have been recorded, but they are not sufficient 
to determine the age. In view, however, of the wide distribu¬ 
tion of strata of V\ aIl<K>n age, the Callide Creek beds are re¬ 
garded as probably of similar age. 
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Tt is thus seen that the Walloon Series extends uninterrupt 
edly over a great part of Eastern Queensland Though occurring 
ill comparatively small, isolated areas at the present time^ I 
believe that these occurrences represent the remnsiits of n de¬ 
position which probably covered the greater part of Queensland. 
This will be discussed later. 

Further, that the western belt, extending past Toowoomba 
and Warwick, probably extends a great deal further west than 
is shown on the map, is indicated by the known occurrences of 
Lower Mesozoic rocks to the south-west of Dal by, and west of 
Warwick. 

Towards the south, this belt divides into two; the eastern 
portion extends past Killarnoy into New Soutli Whales, and is 
continui>us with the western extent of the Clarence Series; and 
the western portion (‘cuUinues along the western margin of New 
England, and dips away to the west under the marine Cretaceous. 
In New South Wales, this latter belt is known as the Artesian 
Series. 

Tt must be rioted that the W'allooti Series, in the Toowoornlia- 
Warwiok District and in South-eabterii Queensland, have pro 
Istbly liecii separated by heavy faulting along the Main Range, 
but were formerly continuous; and it is quite natural, therefore, 
that this Series should, in these two areas, he continuous with 
parts of the Clarence Series of New South Wales. 

That the Walloon Series continues for great distances west¬ 
ward under the Cretaceous rocks, is proved by the Artesian 
bores of Queensland and Now South Wales. It is fairly well 
established now that the rocks from which the Artesian water 
(or rather that part of it which is of meteoric origin) is obtained, 
are part of tlie so-called Tnas-Jura System, and not of the Cre¬ 
taceous System. This fact is of great value in determining tlie 
extent to which the Lower Mesozoic rocks continue under the 
Cretaceous 

Small flows of water have undoubtedly been obtained from 
the Oretaoeous rocks, but the rocks from whioh the largo flows 
of water have been obtained are of Lower Mesozoic age. Ex¬ 
amination of the bore-records, then, will show the extent of the 



OEOLOUY OF LOWEH MRHOZOir ROCKS OP QUKhNHLAKlS 


Ix>wer Mesozoic rocks, both in Western Queensland and in New 
8outh Wales. At some places, there is a very j;reat thickucss 
ol^Cretaceous and possibly Cainozoic strata overlying the Tiowei 
Mesozoic rocks; at/., in South Australia, the Uire at Goydor^s 
Lagoon struck water liearing strata at 4,700 feet, and the Patcha- 
warra bore was abandoned at a dejitb of 5,45S feet, being still 
in the Cretaceous rocks. 

Palieouiological proof of the age of tlie water* Ijeaniig strata 
in the liores is not often forthcoming, but, in a nunilier of cases 
in New South Wales, records have been made, «.((/, («) in the Hub 
ycroi lj<ire, 60 miles W. by S. of Moree, Lower Cretaceous rocks 
with marine fossils were passed through down to d20 feet, and 
then shales, sandstones, and coal seams with foBsil plants; (b) in 
the Wall on bore, 20 miles N. by W. of AJoree, Lower CretH(*eou.s 
rocks with marine fossils were cMicouiitered down to 1,500 feet, 
at 1,630 feet, fragments of Trrniopferts »f}atuhitn [7\ Dainh^eei] 
were obtained, and water wiub struck at 2,330 feet; (c) in the 
Cootiauible liore, both TfFntopfttria spaln/nift [7’. and 

ThiunfeMia odoniopteroit^f^tt were obtained. These are not all of 
the recordeti occurrences. 

The Walloon Series (or its equivalents) is considerably thicket 
tliiiii the Ipswicli or Buudainha Series In Western Queens 
land (Uoma District), the map and sections prcpaied by Messrs. 
Haiiit-iSmith and 'i'lioin show a widtli of outcrop of aUmt 60 
miles, and di|>s of tlie order of 3 or 4 degrees; the dips are small, 
hut, if the average dip be only 2 degrees, the thickness repre¬ 
sented is alxiut 11,000 feet, [ii the Marylx>rough District, the 
thickness of the Tiaro Series has been estimated at 12,000 feet 
by Messrs. Blake and Bryan. 

{/) drUsttian A general consideration of the Ijower 

Mesozoic rocks of Queensland would not be complete without 
some reference to the question of artesian water. This question 
has been the subject of considerable controversy between the 
exponents of the two theories as to tlie origin of the water, 
known respectively as the “Meteoric” Theory, and the **Plu- 
tonic*’ Theory. Bullice it to state, that there seems now to In* 
DO reasonable doubt that a large portion of the water is of 
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meteoric oi’ipiin, and that the W'lt of Lower Mesoxoir r(»ckh ex¬ 
tendi iig, probably wilhout interruption, fioin near Diiblx* in New 
Hfiuth Wales, to the Cape York Peninsula, f<irms the intake-beds 
of the Great Australian Artesian Hauiti Probably also a smalt 
percentage of the water is of plutonic origin. Jt is also now 
generally agreed among Australian geologists that, in the Great. 
Australian Aitesiaii Basin, tlie rocks, fixim winch all the large 
flows of water are obtained, are of Jjower Meso/.oie age, under¬ 
lying the* Marine Cretaceous (Rolling Downs) Series 

An exatnination of the bore-rcconls shows conclusively that 
the sandstones of the Walloon Series in Queensland, and the 
Artesian Senes in New South Wales, extend continuoiibly in a 
westerly and south-westerly direction into the north-eastern por¬ 
tion of South Australia. The depths at which the sandstone is 
found vary, but, in gencial, the deepest occurrences are in the 
norUi-eastcrn corner of South Australia, not far from the Queens¬ 
land border. 

Tt must be noted here, that, near the border betw'een Queens 
land and New South Wales, in the vicinity of ilungerford, there 
are (latclies ot gtanitc at the surface, and als<» that .sortie of the 
liores in that vicinity have struck granite at comparatively 
shallow depths There is here, then, indication of uii island in 
JA)wer Mesozoic time. 

Tn the north-east of South Australia, wdiere the Lower Meso 
zoic sandstones are at great deptlis, it seems probable Ibat tlic 
strata aliove them include Cainozoic, Cretaceous freshwnler-beils 
(equivalent to the Winton Series of Western Queensland), and 
Cretaceous marine beds (Rolling Downs Series). This is in¬ 
ferred from a coiiJ}>arisoi) with conditions in parts of Queensland: 
in the great majority of bores, unfortunately, the records kept 
are of little value for detailed geological purposes. Tn the case 
of the Patchawarra bore in South Australia, wliich was aban¬ 
doned at 5,458 feet without reaching the water-bearing strata, 
it appears that tlio bore, when abandoned, was still in the Cre¬ 
taceous rocks, and there is nothing to indicate that the Artesian 
Series of sandstones does not exist further down. 1 am in¬ 
debted to Mr. L. Keith Ward, Government Geologist of South 
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Australia, for supplying me with all available information re¬ 
garding this hore. Mr. Ward also remarks that the bores sunk 
by the South Australian (ioveriiment, with the exceptions of 
Uergott and Marree at the margin of the basin, have failed to 
reach bedrock. In otlier bores in tbe north-east of Soutli Aus¬ 
tralia, water is obtained from sandstones at great deptlis, in¬ 
dicating surely the presence of equivalents of the Wallcxm Series. 

Goyder’s l^agoon ilore, 4,700 feet. Mount Gasoii Hore, 4,420 
feet; and others. 

Examples of palaeontological proof of the age of the saiidstcnies, 
carrying the large supplies of aftesiari water, arc quoted above 
(s 0 s p.54) and these show that the presence of ai tesian water is 
an indication of the existence of the Lower Mesoxoic Sandstones, 
and can be iisud in the determination of the extent of these 
beds. 

(ff) Folding-movements In studying the folding-moveineiitB 
to which the Lower Mcsoxoic rocks of Queensland have been 
subject, two areas may bti considered separately, vis., (a) the 
western belt, extending from (he Cape York Peninsula to the 
New South Wales border, and (6) the occurrence in South-eastern 
Queensland, (a) The western belt lias not been subject to any 
considerable inovement, and the rocks usually dip gently to the 
west and south-west beneath the marine Cretaceous strata; oc¬ 
casional high angles of dip have been observed. (6) Jn South- 
eabtern Queensland, a study of the distribution and directions 
of dip shows that the Jx>wer Mesozoic rocks have been consider¬ 
ably folded, and that the folding in some cases gives place to 
faulting. The folding takes the form of a series of anticlines 
and syiicliues, whose axes are in a direction approximately N,30” 
W.-jS.60*'E. The distribution of the liower Mesozoic strata in 
South eastern Queensland has never Inieii thoroughly understood, 
but the recognition of this series of folds seems to explain the 
distribution in a simple and reasonable manner. In places, the 
folding gives place to faulting, e.g., north of Ipswich, and pro¬ 
bably also near Heinmant* Mr. Ball has also described a fault 
near Woodford,* which he believes to represent a continuation 

^ Queensland (iuveniiueul Mining Journal, xvii,, 1916, p.l09. 
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of the suppcmeci fault at Mcinniaiit. The general directions of 
the dip and of tlie axes of folding are sliowii in Plate ii. 

The extent of this folding, nrhich lias affected both the Lower 
Mesozoic rocks and tlie overlying Cretaceous strata, has not been 
generally recognised, as may lie seen from the following quota¬ 
tions Dr. Jensen* nays, “Our Mesozoic sediments show no 
folding of consequetiee Generally speaking, they show only 
slight dips, and have ne\er been under tlicinHuence of tangential 
pressure like the Mesozoic sediments of the Alps, Himalayas, 
Java, etc ** Dr. llicliarda,t writing of South-eastern Queensland, 
says, “ Ko)<lirig-tiiovcinenLK of only a very gentle nature have 
taken place since the PalaKizoic era/' 

8uch statements are nut consistent with the folding which 
has been observed to the west of Ipswich, in the neighbourhood 
of Hemrnant; and in the Maryborough District, particularly on 
Woody Island, where the strata are often nearly vertical. 

The nature of the folding is illustrated in two Sections (Text- 
fig. 1), of which Section A has been prepared from a section drawn 
by Mr. Dunstan, and Section B from a combination of sections 
by Messrs. (>ameron and Marks. Neither Mr. Dunstan's nor 
Mr. Cameron's original section has been publisht^J, and I am 
indebted to them for permission to modify these sections for 
use here. 

This folding may l>e quite adequately and reasonably explained 
as the result of the adaptation of the earth's crust to a shrinking 
nucleus. Such folding would, naturally, be expected along zones 
of weakness, and the east coastal area of Australia is undoubt¬ 
edly such a zone. Folding of this nature often passes into fault¬ 
ing, and this may have occurred near Heminant, where there 
seems to lie a line of faulting associated with folding, and also 
in the Ipswich District, where, Mr. Caroerou informs me, the 
severe folding just south of Ipswich gives place to a fault further 
north. 

From the originals of the sections, it was possible to estimate, 
approximately, the amount of shortening of the earth’s crust 

* Pfoo. Roy. Soo. Queensland, xxiii., Pt.2, p.l68. 
t Proo. Roy, Boa Queensland, xxvik, PtS; p.ll4. 



Text-lig. IK. 

Tuxt-lig. lA. —Sketoh-Sei'iiiiit 
fitim near Colton to FraRer 
Island, showing the folding 
of the JuraMHio and Creta- 
oeuns rocks. VeHioal Hoale 
exaggerated aliont 2^ tiniee. 
(Mfxlifled from !3eotion 
drawn l>y Mr. B. Ihinatan). 

I'oxt-flg. I U. — Diagrammatic 
Heotiun from Ipswich to 
Manly, showing the folding 
of the Lower Mesuaoie 
Strata. Vertical scale ex¬ 
aggerated. (ModiAed from 
SeotioiiK by Mensm. W. E. 
t'ameron, B.A., and E. O. 
Marks, B.A.). 
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repreBented by the folding. Both sections are approximately at 
right angles to the axes of folding. Tn the section lie tween 
Ipswich and tlie in until of the Brisbane River, a shortening of 
the order of 1} miles in 34 miles has been effected; and, in the 
Maryborough district, a shortening of about 0*8 mile in 34 
miles. This shortening is circuuiferential, and if it be regarded 
as the shortening represented at this particular time for the 
east-west extent of Australia (a not unreasonable suppoaition, 
since we know of no other folding of the same age across Aus¬ 
tralia), tlie radial shrinkage represented would be of ibe order 
of 0 05%. 

HegarrJing the age of the folding, it certainly took place after 
the Burium Ciud-Measures (probably [jower Cretaceous) were 
deposited, for botli Marine CretaccHius strata, which ai'e ap¬ 
parently conformable with the Tiaro Beries, and the overlying 
Biirriirn Coal-Measures have been subject to this folding force, 
and liuNc been folded to an extent closely comparable with the 
J^wer Mesozoic strata. This is shown by a comparison of 
8ections A and H. 

Tins .same folding took place before the Cainozoic, since it 
lias not aitected any of the Cainozoic rocks of South eastern 
Queensland. Also the disposition of the Cainozoic volcanic 
rocks in Houtli-oastcm Queensland indicates that the Prc-Caiiio- 
zoic drainage-system was approximately meridional, and this 
may lie closely connected with the N.SO^’W. strike of the folds 
of the Lower Mesozoic rocks. 

In the Ipswich District, there appears to have been a sub¬ 
sequent period of folding. This is comparatively restricted, and 
the folds produced by it have an approximately meridional 
direction. The Cainozoic deposits have been affected by this 
movement, which must, therefore, have been later than lAie 
period of folding already mentioned. I am indebted to Mr. 
Cameron for information regarding this latter folding. 

Flora or thk Lowbk Mesozoic Rooks or Qurknsland. 

The lists, presented below, of the floras of the Ipswich and 
Walloon Series have been prepared after a careful examination 
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of the specimens availai»le in the collections of the Queensland 
Geological Survey, the University of Queensland, the Queens¬ 
land Museum, and the ** Siminonds ** Collection. In addition, 
previous records have been examined and verified as far as p<is- 
sible, and, only when it is believed that they are reliable, have 
they been included. In cases where tlie original specimens have 
l)6en lost, the records have been used only when the determina¬ 
tion is not subject to the least doubt. These lists, then, are 
regarded by the author as being as complete and reliable as it is 
possible to make them, in the light of our present knowledge. 

(tt) IitHwiiik Series —The 6ora of the Ipswieli Series comprises 
the following species:— 

BIquihktalks. 

EquisetiUB Tenison-Woods. 

EquuefUes sp. (tubers). 

Phyllotheca tinsiralia Brougniart* 

Neocaiamites herennu (Scliiinper). 

Neocalamites of. Varrerei Zeiller. 

Schizonmira cf. africufui Feistmante). 

Filicalks. 

Osmund acesH. 

Cladophlebis a^Mtraiu (Morris). 

C, HoyUi Arlier. 

Cyatheaceie. 

CwlopteriH dhlioaiula (Shirley). 

DipteridiniB, 

Dietyophyllum ruyomm Lindley and Hutton. 

Thiunfeldiece. 

Tkinnfddia Johnston. 

Th, lana^clia (Morris). 

77(. odontapUrtkidB* (Morris). 

Th. ocuto Walkom. 

Marattiaceie. 

DonaippsM Feistmantel. 

Hydroptcride8»(?). 

SayenopteriB rhoi/olia (Presl). 
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Grnkka of Ferns and Plants incrhta sedis 

Spheuffpteris larunosa ShirJey. 

Sph. ttnperba Shirley. 

Tinmoptnrxa Teni»(m‘Wood»i Etheriil^^e Jr. 

T. CarrxUherai Teniaon-Woods 

1\ lentricxUiforme (Etheridge Jr.) 

T, Dnmtani Walktim. 

wianamattip (Feistmantcl). 

7'. GraaBirn^x^vis (Feistniaiitet). 

SUnopteria eUmyata (Carruther.s). 

OiNKcaoALKa. 

Oinkifo mUarofica Saporta. 

G. digxiaia (Krengniart). 

G cf. mayni/olia Fontaine. 

Baiera Simmondai Shirley. 

B, bidena (Tenisori’Wood.s). 

H ipavicienaia Shirley. 

B, yinkgoidea Shirley. 

(?)Qinb:ooalks. 

JStachgopifya anitulariotdea Shirley. 

S, Bimmondat Shirley. 

Cycadophtta. 

Bennetti tales. 

Benfiettit^a ( Wiffiamaonia) sp. 

CyOADOPUYTA INOBRTA BKDIH. 

Fterophyllum multilineatum Shirley. 

Oymnosperijioiia seeds. 

Examination of this list at once shows certain distinctive 
features, the most notable being the comparatively large number 
of Ginkgoales, the relatively few Cycadophyta, and apparent 
entire alisence of coOiferoue remains.* The small proportion of 

* This statement may need subsequent niodifioation. Silloified woods 
from the Ipswioh Series have, in the past, been desoribed as .^mucaW- 
oxi^an spp. These woods are at present being re-examined by Professor 
A. 0. Seward, and it is quite possible that they may not l>e of undoubted 
oonilerous affinities. At any rate, we know of no remains from the Ipswioh 
Series, other than these woods, which may, at the present time, be referred 
to the Obnifen. 


6 
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Gycada may ultimately be very greatly increased, if it should be 
shown that the genus TmniupUrxg belongs to this group. In a 
recent publication, Thomas includes species of Tmuioptei^ia with 
the Cycadophyta, as a result of his examination of the epidermis 
of a number of recent and fossil Cycads.* None of the Queens¬ 
land Lower Mesozoic examples of Tmniopieria obtained have 
been preserved as carbonaceous films, and It is at present impos- 
sible to state the nature of the structure of the epidermis in 
them. 

The list of species in this Series may be summarised, and the 
figures expresseil in percentages, as in the following Table; — 


T4BI.K i. 



1 1 

Z 

I 
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No. of 
Npeoiea. 
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15 
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9 

57 

TtciiKipterift 

0 

18 
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0 

0 

(iitik>{aales . ,, 

7 

2\ 

r 

21 

21 
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1 



. 


— _ 

1 

__ 
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Such tables as these must be used with a good deal of caution, 
as their indiscriminate use may lead to quite incorrect and even 
absurd results; but careful use, with a full realisation of their 
value and their drawbacks, may yield interesting and, to some 
extent, reliable results. The use of such numerical methods has 
not come into very general use, but their preparation and use 
have been illustrated recently by Wieland.f 

In the above Table (Table i.) of the Ipswich flora, the species 
of Stachyopityn^ and gymnospermous seeds have not been used, 
since they, in all probability, represent seeds or reproductive 
organa of plants already represented in the list by sterile fronds. 
The species of Tasniopieria are placed separately in the Table, 

* ThooiM, Q.J.G.8., Ixix.; p.Ii^ 
i Amer. Journ. (loi., xxxvi. (1913), pp.268-278. 
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since their position is uncertain. Tn coluinti 3, tlie percentages 
are given, including 7\pMiopiet^ witii tiie ferns; in column 4, 
this genus is included with the cycads. This latter result gives 
the flora a not abnormal character in the proportion of ferns and 
cycads, and indicates a general similarity to some Kheetic floras; 
there are, however, certain points which may indicate a some¬ 
what greater age, the high percentage of Kquisetales, and 
the rather sjiialler percentage of Cycads, than is usual in Hhetic 
and Jurassic floras. 

For convenience of reference and comparison, the following 
Table is quoted from Wieland : * 


T\hlk II. Ufter Wieland). 
KteiunitH of fyjitmf /Vom, 


Graham Land, 
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2 

2 

V 

4 

** i 

1 

1 

1 

2 

r»*r> 


FeriiB 

C^ycadeaiiR 

Oonifers 

Uirikgos 

Oonlaites 

KquisetumH 


The flora of the Ipswich Heries may now he examined in 
greater detail. 

Equwtahs. - The percentage of Equisetales in the Ipswich 
flora is unusually high for a Mesozoic flora. As I have already 
pointed out,t they show aflinities with the Equisetales of Rhutic 
floras. Neoc€damite9 hmreH9i$ occurs in the Rh»tic of Sweden, 
and IfeocalamitBB Carrerei In the Rhsetio of Tonkin, and iu the 
Stormberg flora (Molteno Beds) of South Africa. Phyllotheca 
OMiTidu is one of the few species which continue from the 
Palaeozoic into the Mesozoic in Australia, occurring in the Per¬ 
mian (Permo-Oarboniferous) of Eastern Australia, and also in 


. • Amer. Joum. Soi., xxxvi. p.272. 

t Queensland Geol. Surv., Publication No.292; p.38, 
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the WiananiRtta Stage of the Hawkenbury Series of Now South 
Wales. Schizonenra ^fricana occurs iu the Beaufort Series in 
South Africa (Permian), and, according to Seward, is related to 
6*. ytmdwaneniiu from the Talcbir, Uainuda, and Panchet Series 
(Permian and Ijower Triassic) of India. The remaining species, 
EquiseiiUB roUferum^ is a widespread type, and very similar 
forms are widely distributed in both Rhietic and Jurassic strata. 

Filicales.^ A majority of the true ferns of the Ipswich Scries 
indicate a Rhietic or possibly greater age for the flora. Sterile 
Cladophlebh’ivoxxdfi of the 6’, auBiraliB type are of very wide¬ 
spread occurrence in rocks varying in age from Rheeticto Middle 
Jurassic. C^adophUbiB Royhi is a somewhat older type, occur¬ 
ring in the Haniganj Series (Upper Feriinan)of India. Diciyo- 
phyllum rxigoBum is a fairly widespread Jurassic (Lower Oolite) 
species, but there is so little difference between it and species of 
DiciyophyVum in Rhestic floras, that it canTiot be regarded as a 
reliable indicator of age. The species of Thinfi/eldia in the 
Australian Lower Mesozoic rocks do not appear to be represented 
in the Northern Hemisphere. The three species, J\ Fexstman- 
IbU^ T. odontupUroideB^ and T* lancifolia^ are presefit in the 
Molteno Beds in South Africa; and 1\ odoniopteroides and 7*. 
lanctfolia in the Mesozoic flora in Argentina. DanctopBU 
JltigheBi is a Bhmtic or older form, occurring in the Kh»tic Beds 
of Tonkin, the Burghersdorp Beds of South Africa (Triassic), 
and the Middle Qondwanas of India (Triassic). Sn^BnopUnu 
rhoifolia is itself a Rhietic species, but it is at times diflicult to 
distinguish between it and S, PhillipBx^ a common Jurassic form. 

Oinkgoal 0 B.^ The Oinkgoales are represented by a compara¬ 
tively large number of species, and, in addition, they are also 
relatively abundant as regards numbers of individuals. Oinhyo 
ontorc^tea occurs in the Lower Mesozoic rocks in New South 
Wales, but there is no record of its exact locality or horizon. 
digiioiki is a very variable form met with in both Rhastic and 
Jurassic rocks. 0. magntfolia occurs in the Jurassic strata of 
Oregon, and also bears some slight resemblance to Sai^ta eiorm- 
b$rgBniii from the Stormberg flora of South Africa. Batera 
bidenB is a very common type, and is similar to species which are 
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abundant in both Rhetic and Jurassic rocks, li. ipBvieitnBis 
may be compared with B mult^da^ occurring in the Rhietic of 
North Ainericu; and B Simmofidsi also occurs in the Wiana- 
iiiatta Stage of the Hawkesbury Series of New South Wales. 
Slachyopiiys annularioidss is a very similar type to spccimeiis 
referred to as StachyopUy$ sp., in tlie Stormberg flora of South 
Africa, and also to Sphenolepia rhmiica fi‘om the Khvtic of San 
Juan (Argentine). 

Cycadophyta. —The percentage of species of this group is un¬ 
usually Rinall in the Ipswich Series. Should the genus 7Vent- 
opterxH ultimately prove to be a cycad, however, the percentage 
of cycads in the Ipswich flora would be a normal one for early 
Mesozoic floras. The specimen showing expanded bracts, re¬ 
ferred to HennBttiUift ( WilliamBonia) sp., cannot be regarded as 
indicating any special age, as it agrees with similar specimens 
fi*om the Mixteca-Alta flora of Mexico (Rbietic-Liassic), and also 
with B. Carruikeriitrom the Wealdeii of England. PUropkylium 
muliilinmtnm occurs in the Bh«tic of Tonkin, and similar 
species are found in the Burghersdorp Beds of South Africa. 

Genera ineerim Wts.—The species of Sphenoptn'ie do not offer 
any evidence as to the age of the Series. Species of Tatniapteris 
are not usually to be regarded as reliable iiidicaturs of geological 
age. Of the species in the Ipswich Series, some appear to bo 
confined to Australia, while others of them occur in South Africa 
and India. 7'. Tenieon^Woodai and T. Carrutherei are found in 
the Stormlierg flora (Molteno Beds), and the latter also in the 
Burghersdorp Beds in South Africa; T, craesimrvia occurs in 
the Rajmahal Series (Lias) of India. Stenopteris elongata ocguvb 
also ill the Stormberg flora of South Africa. 

The accompanying Table (Table iii.) shows the relationships 
of the species of the Ipswich flora to species in other floras. The 
Table is arranged in four columns, column 1 showing the species 
with affinity to species older than Rhetic, column 3 those with 
affinity to species in Rhtttic floras, and oolumn 4 those of Jurassic 
aflkiity. The Stormberg flora of South Africa is so similar in 
general appearance, that the species common to the two are 
grouped separately in oolumn 2. 



Tablk ill. 

The flom of the Ipswich Senes, an-ani^jecl to show the relation of the species to tlitise of other floias. 
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This Table at once shows that the flora of the Tpswich Series 
is of a facies at least as old as Rhietic. In addition to the species 
occurring)' in Hhaetic floras, there are also a number of species 
which occur in other parts of the world in rocks older than 
Hluetic. The number of species in the Ipswich flora, which 
represent Jurassic types, is not large, and nearly all of these 
are examples of species in which it is often difficult to find satis¬ 
factory distinctions between Hhietic and Jurassic species. The 
only two species of the Tpswich flora, which are characteristic of 
Jurassic ro(;k8, are Tintiiopteris craa9in€rv%8 and Ginkgo magni- 
foHa\ and, regarding the latter of these, 1 have a slight doubt 
as to the determination in the Tpswich Heries 

Of twenty-two species in this Table, eighteen occur in Rhietic 
floras, six occur in floras older than Hhsetic, and seven in Jurassic 
floras, only two of the latter, however, being characteristic of 
Jurassic floras. 

The Table, together witli the foregoing discussion, shows fairly 
conclusively that the flora of the Ipswich ISeries must lie regarded 
as at least as old as Hhastic, and proliably somewhat older. 

ib) WaUoou Sorinn ,—The flora of the Walloon Series comprises 
the following species : -- 

E^uibktales. 

EquUniifcB roiyerum Tenisoii-Wiiods. 

KquiaetUes cf. rajmahalensia Oldham and Morns. 

Schizomura sp.a Seward. 

Sehiztytmira sp. 

FlLlCAnSH. 

(?)Osmundace«e. 

ClndfqMabia anstralU (Morris). 

C. Roylai Arber, 

(llMatoiiirieie. 

PhhbupieriB aleihopUroidea Etheridge Jr. 

Dipteridinie. 

Dieiyophyllum r^kgosumi^) Lindley and Hutton. 

2). Dmidi Walkom. 

//cittmanma(t} Buchxi (Andriie). 
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Thintifeldieie. 

7%innfelfiia FeislmaHteli Johnesiitn. 

2'h. odontojUerotdeH (Morris). 

7’A. lancifolia (Morris). 

(1) Hyd roptr r ideir. 

Sa(jefioptert9 rhoifohn (Presl). 

QrTIRKA IKCBH1A& 8RD1H. 

Sphenoptnrin »np^rhn Shirley. 

Stenopteris n/ofigfcta (Carruthers). 

PhyllopUriH FeistmantHi Kthcridg^c Jr. 
7*fB7iiopterts spainlaia McClelland. 

7\ npoMilata var. 7najor Seward. 

7'. TenxBon- Woodsi Etheridj'e J r. 

2\ Carrutherai Tenisori-Woods. 

T, Uniric7difo%'mt (Etheridge Jr.). 

7'. craaainervia (Feistnmntel). 

OlNKOOALES. 

Uinkgo mayntj}d%a Fontaine 
Baiara Sirntno^idat Shirley. 

Cycauophyta. 

Bennettitales 

Ptdftphyllum ( Wt/ltamsouia) p^ctau (Phillips). 
CYCADOPUYTA INCBKTJS 8KDIB. 

PUrophyllwn idm07*me Etheridge Jr. 

P, contig^ium Schenk. 

P. Naihoraii (Seward). 

PaetidoctenU aathienaia (Richards). 

Ou>zamiiea quae^ula^idi Walkom. 

0, ohiuatia (Liodley and Hutton). 

O. Faiatmanteli Zigno. 

O. Mcmdelalohi Kurr. 

COKIFKBALBS. 

V 

ifraucartM polycarpa (Tenison-Woods) 
Brachyphyllum cnaaaum Teuison-Woods 
Taxitea plauua Feistmantel. 

OehTUB INCERTA SRDIB. 

Phmnicopaia doa^aiuai^) (Morris). 
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The outstanding feature of this Hora is the large inciease in 
the number of cycads. Other noticeable points are the decided 
decrease in the number of sjieciebof Ginkgoales, and the presence 
of a few Conifers. 

Arranged in tabular form, and omitting from the Table jScAtjso- 
n^ura sp., which may possibly Ije the external casts of which 
H. sp. a is the pith-cast, and also Phmnicopikii elwgaiun^ whose 
position is quite unknown, the following result is obtained. 
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This Table shows distinct difterences from that of the Ipswich 
flora (Table i., p.66), and when, as in column 4, the species of 
TasniopieruArG combined with thet'yeads, the percentages agree 
quite well with the percentages in Jurassic floras, particularly 
with the Lower Oolite flora of Yorkshire {$ee Table ii., p.67). 

The flora of the Walloon Series may now be discussed in more 
detail. 

Equiantaiea .—Members of this group are nut of uncommon 
occurrence in the Walloon Series. Equiaeiites roH/ernm is 
almost indistinguishable from the widely spread E. cotumaiaria 
of Middle Jurassic floras, and Equiaelitea cf. rajmaheUenaia is 
closely comparable with the species in the Liassic flora of India. 
S€hiasoneuraHp.a is identified with the species described from the 
Stormberg Beds of South Africa. Pith-casts of Equisetalj^ 
however, cannot be regarded as of any value in difibrentiating 
between Rhwtic and Jurassic floras. 
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The ferns, althonp^h not particularly futmerous, 
have the genera] appearance of a Jurassic flora. (JladophUbxa 
auatvfdis^ as already stated, is a tvfie of frond of widespread 
occurrence, but is specially close to tlie (7. dsnh'cu/ai^a-type, a 
widespread Jurassic form. PhlehopUris aleth{>pUrfnd6$ is in all 
probability, very closely allied to LticcopUrU polypodioiden from 
the European Lower Oolite, though there appears to be a differ¬ 
ence in the venation Dxctyophyllum rugomm is a Jurassic 
type, hut its occurrence in the Walloon Series is doubtful. 
Hauimanma Huchity with which some specimens from the Wall¬ 
oon Series have been compared, occurs in Jurassic floras (»f hotli 
Liassic and Kimeridgean age. ^ag^nopUris rhoifoliny thougli 
itself a Rhsetic species, is, at times, indistinguishable from the 
Jurassic PhillipBL Thespeetesof TkintifeUiiay and StenopUru 
tlMgata in the Walloon Series are survivals from the Ipswich 
flora. The survival of a number of species from the Ipswich 
flora to the Walloon flora, and even to later floras, in Queens¬ 
land is to be expected, since there were no violent earth-move 
ments during these times, and no marked changes are known, 
which might have been expected to lead to any unusual dying 
out of the older flora. It is indeed fortunate, for stratigraphical 
study, that there are so many forms in the Ipswich Series, which 
apparently have not survived into the Walloon ISeries. 

GinkgOfUns ,—There has been a roinarkable change iti tlie 
number of memliers of this gmup. In the Ipswich Heries, we 
have at least seven S|)ecie8 represented, while, in the Walloon 
Series, there are only so far two. Gixikgo magn\ftd\a is probably 
identical with Fontaiue^s G, llultoni var. magnifoluh from the 
Jurassic of Oregon. The other species, llaieni SxmxwyndUxy is 
another survival from the Ipswich Epoch. 

Cycadophyia —Cycads form the most proiitinent element of 
the Walloon flora, in which they are present to the extent of at 
least 25 per cent, of the species, and, perhaps, (if TmnioftUriH is 
a Cycad) 42 per cent. On the whole, they indicate very dis¬ 
tinctly the aspect of a Jurassic flora. PiUophyllum (fTtZ/tom- 
ienia) pecUn is a very widespread type in Jurassic (Oolite) floras. 
Up to the present, there is no indication of any Williamsonia- 
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flowers associated with these sterile fronds of Ptilophyllnm 
pBcUn. Pterophyllum Sathoritli occurs in the J urassic of Suth¬ 
erland, Scotland, and very similar forms occur in the Jurassic of 
Oregon; Pt^rophyltum coniiguum occurs in the Jurassic of 
Oregon, and also in the Rhietic of 'J'onkin. Pstudoeieuu eaihi- 
ensis is practically identical with spmmens from the Jurassic of 
Yorkshire and Sutherland. The three species of OtozamiU»^ 0, 
ohtu»U9y 0 FexumanleHy and 0. Maudthlohi are species f>ccurnng 
widely in Jurassic rocks, and O. Mand**hloht occurs in the 
Mixteca-Alta flora of Mexico. 

Cont/era/fls.—Remains of Coiiifcjs are not abundant in the 
Walloon Series. Cones have been descrilied, and referred to the 
genus Araxicaritem^ indicating that they are similar in geneial to 
cones of the present-day ^mKcaita. A few fragments have 
been referred to the genus Brachyphyllum^ and some specimens 
to 'PaaiteH, The specimens referred to Taaiiten planutt show a 
very close resemblance to, and are probably identical with, that 
species, as described fioiii the Upper Gondwaiia Reds (Liassic) 
oil tile Madras coast of India. Similar forms to Brnchyphyllxtm 
crasaum occur in the English Jurassic floras. 

The accompanying Table (Table v.) shows the flora of the 
Walloon Series arranged in two columns, column 1 including 
those species comparable with species occurring in lieds older 
than Jiiiassic, and column 2 those comparable with Jurassic 
species. 

Taslk V. 

Flora of Walloon Sei'ioN, Mbuwiiig afliiiiticH of Hpccies wilb rugaitl Ui hkc- 

I 2 

Kpouies with affinity to S|HH)ies with affinity to Juriuwic 

Species older Uiaii JuraHHtv, Species. 


FqtiiaetiteH rot\flit*tim 
aichizontiim Hp. a 
OtadophfdnM auMt'o/ut 
C. Acii^ei 

Tkinil/eldia PeiatMUiUeii 
Th. odontopteroidee 
Th, fane{/o/»a 


ICquimliirM (M. Jur.) 

E, uf. rujinaliaivnaia (Liassio) 

CVeeda/Jw/iM atmh'aHM (L. Oolite) 
PMfhoplrrw ofetAoprecoideH (L. Oolite) 
Uklyophyllum negofrum (L. Oolite) 
Haiumamin (?) Bmhii (Liassio, Kimeridge) 
Sa{iexiOpt€ri9 rhotfolia {S, PhUlipaix Oolite) 
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Table V. — f eouHnw d). 


Speuiert with affinity to 
H}>e»itM} older than Jni-atutio. 


2 

SpcoiCM with affinity to JumeMic 
Spocien. 


Soffenopffiris rho\fotia 
r/oiif/ato 

Tfranopierw T^wwon- Woodm 
T. Uai*rafherMi 
Uinkyo ntarjiii/fifia 
Bakra Simmowki 
PttrophyUnvi rottjfiyntini 
(Hozamileit Mattdef^oki 


Pht/ffof^erk Fe khnunteii 
Tivnio}iitfm Hf/tUniata (Liiw) 

T. /v/jo/tf/a/a var. me^;or 
T. e>'a»*intrnH (Liaa) 

(futkffo matjni/ofm {mUivahhw of Ole^^o^) 
Ptifophyffnm 1 Wiffiamitonifi) pfriru (Oolite) 
Ptemphylhtm Oregon) 

Xaihorffti (Kirnerid^^) 
pMeitdocUnU eo/AteiMtM (Kinioridi^o) 
OtozamileM oftfiunut (L. Oolite) 

0 , FekfmaiUeJi (L. Ooliio) 

O, MandMtdii (Liae) 

Bmrhyphyllutn crtwwwi 
Tnxihji (Liae) 


The ages of the species, or of very closely related species, in 
coiiimfi 2 are indicated in brackets after each one. 

Kxaniituog this Table, we find that, excluding the six species 
common to the two lists, there are nine species with affinities to 
species older than Jurassic, and fifteen species with Jurassic 
aftinities. Of the nine species regarded as older than Jurassic, 
eigiit occur also in the Ipswich Series, and are the species which 
survived from the Ipswich to the Walloon Epoch; there is only 
a single species (and that an equisetaceous pith-cast, Schizomura 
sp.u) which could be considered as an argument in favour of an 
age older than J urassic for the Walloon Series; whereas there 
are fifteen species characteristic of Jurassic floras, which appear 
ill the Walloon Series, and were not present in the Ipswich 
Series. No other conclusion, then, seems possible, than that the 
flora of the Walloon Series indicates that the Series is homo- 
taxial with strata of Jurassic age, and the greater number of 
species (ms Table v.) indicate a lower Jurassic age, Liassio or 
Lower Oolite. It is possible that the Walloon Series represents 
deposition over a period covering botli the Liassic and Lower 
Oolite of Europe. 
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(c) Vmnparuon of floras of the Ipswirh and Walloon Ssriss, - 
We are now in a position to compare the Horas of the Ipswich 
and Walloon Series As a result of all previous examinations 
of these fioras, it has been observed that there was no palaonto- 
logical distinction between the floras of the two Series; e.g , Mr. 
Cameron states “It does not, however, seem possible to draw 
any distinction between the formation.s from palfeontologiciil 
evidence, most of the fossils as yet found in the Walloon Beds 
occurring also in the Ipswich Beds 

The failure to note palieontological distinction between the 
two has been due, however, to imperfect collecting, and to the 
fact that the material available has not been thoroughly ex 
amined since the examination by Mr. Etheridge, prior to the 
publication of the " Geology and Palteontology of Queensland 
and New Guinea,*^ in 1892. In 1898, Dr. Shirley examined and 
described a number of specimens, \>ut all the Ix»wer Mesozoic 
specimens among them were from the Ipswich Series. The same 
author, in 1902 recorded a few more specimens from the Ipswich 
Series, and some from the Stewart’s Creek Beds (of Walloon age). 
At the time of tlie.se publications, however, there was no subdivi- 
sion of tho Ipswich Formation into Ipswich, Bundamba, and Wal¬ 
loon Series, so it is not remarkable that no distinction of horizons 
was noted in the upper and lower portions of the formation, 

A glance at the following Tables (Tables vi. and vii.) at once 
shows that there are points in which the two Series can be dis¬ 
tinctly separated, and that there are a number of species char¬ 
acteristic of each. These species, characteristic of only one 
Series, are the more important ones from a stratigraphical point 
of view, and the flnding of some of them may, in the future, be 
used for fixing the ago of the strata in which they occur. 


Queensland Oeol. Surv., Publication Ko.iS04; p.10. 
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Table vi. 



InHwioli SeriOH. 

Walloon SeHett. 


IVo. of Hpc^ieH, 

No. of Kpeci«M 

KtiuifietaleH 

KuicaltM 

«<) 

3 

10 

(■enera inoerUi' Heilia - 



u, protiahly FiltualeH 

L, TivinopleviH .. 

ii 

H 

«> 

C'yctuiophyta 

2 

0 

Ginkt^oalea 

7 

2 

OiniferalvH 

u 

3 



I jmn CoallleM. 
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Table vi i.— {confinwri ), 


WalUMiti Seri 


i I 

Si .V 

1 sJl 
r 


ti s 
m s 


rtM Mnjttt'ha 
Stnuyjift'i'iA efonf/ti4a 

/*A Ft htmati/t fl 
Ttt'fihptfrit* »)nttiifnta 
T, MjKitnfafn var. fnajor 
T. Tmimn- Wooflatt 
7 *. Catu'niyvi^ 

7\ hiitnnUifonnv 
1\ Ihiiifttani 
1\ wtanama^ttr . . 

T. t*i*aA»inerin8 . , 

(fiiik^ialeH. 

(/inkffo utifatrftrn 

U, flujitahi 

of. matfiujoha 
Simmomhi 
H, hkhm 

//. tfmmcieiutin 

Ji, tftllktfOtdtn . 

(?)(iinkf;aaloR. 

StaehyofntyH anatdnrirnfUi* . 

S, SmmoHdtn . 

Cyitadopbyta. 

HfimettitM {Ap. 
Ptif(*}diyilum (IKrZ/tawaonia) 
pfcUn 

/*/eripfcy//i«a a^»?ior »i f 
Ft. 

Pt^ mtUtiihimfnm 
/V. iTaihor8t% 

PfteudocieniB eatkitmis 
Ottnamiftit quentHlaniU 

f>. chtnma .I 

O, /ViVmaa/Wt 

O. cf« MawiflitlM .| 

ConiferaleH. 
Avu^tcarit&^ polycatya 
Broehyjdiyfhm cramm 
Taxiiwylanwt 

Oenua inoerta; aedia 
Phfr%w>ptii8 e/onj^o^ 

UymncMperinoua aeeda 


l^iim Coalfield 
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The marker] difference between the two floras shows in the 
Gymnosperms. Tn the Kquisetales and Filicales, there is little 
difference as regards number of species. Only two of the species 
of Kquisetales, and seven of the Filicales, however, are common 
to the two Series; and, of the others, those in the Tpswich Series 
are of older type than those in the Walloon Series. When the 
Oymnosperms are examined, however, a marked distinction 
between the two Series is to be observed. Twenty-two species 
are described from the Lower Mesozoic rocks, and only two of 
these species are common to the Ipswich and Walloon Heries. 
These two species are Oinkyo of. magnifolia and Hatpra Sim- 
mondni. Oinkgoales are abundant, both as regards number of 
species and number of individuals, in the Ipswich Series, but are 
only poorly represented in both respects in the Walloon Series. 
C^lycads are represented very sparsely, as regards numlier of 
species, in the Tpswich Series, whereas they constitute perhaps 
the most prominent feature of the Walloon flora, being very wide¬ 
spread in distribution and occurring in large numbers on some 
horizons. The species of OtofsamittB form one of the most char¬ 
acteristic and distinctive features of the Walloon Heries. Up 
to the present, no Conifers are known from the Tpswich Series,^ 
whilst there are three species representing three genera from 
the Walloon Series. 

Table viii. shows the species occurring in Queensland, which 
ara, so far as we know, found only in one Series of the Tx>wer 
Mesozoic rocks, 

Tablk vtii. 

Species known only in 
IpBWioh Heries. 

Phyllotheca aii^nxlU 
^eoeo/amiS^ hftrtnmH 
X, of. 

SehhoMura of. ttfricana 
CmdopUrtB deliceUiUa 
Tkin^Mia acitfa 
l)aw»apiiM Huyktni 
ijohm^ertM iixeunoM 
TatniopUria DuntUini 
7*. manamaiUe 

* See footnote on p,tf5. 


the Species known only in Uie 

Walloon Series. 

PhfeftoptertB ettefh^eroidt* 
Diciyi^yKum iJatndi 
HawnnanuiaiD Buchii 
l*hy(fopUrM i’eiMmainUli 
TiPuiopftrtu iipatidata 
T, BpcUutata var. major 
IHilopi^yHum ( WiHiamBotiia) pBcteH 
Pterophy/ium ahnorim 
P. iiontiguwm 
jP. NeUhorMi 
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Table viii,— lconiinttf>d) 


SpeoieH known only in the 
TpH^\ioh SeiieH. 

ffinkf/o anttnrfirrt 
H. dtffifahi 
Halet'a hitlrnn 

//. ipfttHVieimtk 

It, tjmkfjoidrH 

Starhyt>pitys aiinuliuuoidt^s 
S. SttHwoiitUi 
liennettiteM ( Wtlflnm^otna) 
l*fet'ophyfinm m 
(rymnoRpeMnouM mihmIk 


Spei'ieR known only in tin* 
WhIIooii Set leH. 

j fitovtmifei* f/nf't'M'ifaiidi 

1 f). itfttitHHH 

' O Frmtmautifi 
j O, MatuMH/oItt 
Aifiurut ItrM fnJytnrfMi 
\ Itntrfiyfthyfhi/u rrti'txnm 
Ttt nfpM ftliimin 
FlnfHH o/t/tm t foinfttfu^ 

I 


(rf) Aye o/* the Queensland Lwver Mesozoic Jioeks ,—The evi¬ 
dence of the fossil floras of the Ipswich and Walloon iSeries is 
very strongly in favour of n Triassic Age for the former, and a 
Jurassic Age for the latter. 

The flora of the Tpswioh Senes shows nmiked reseiuhlance to 
floras which are regarded as Hhietic in age in other parts of the 
world, particularly those of Tonkin and South Africa. Regard¬ 
ing the actual position in the Geological Record of many of the 
occurrences classed as Rhietic from their fossil flora, I have re¬ 
ceived some interesting information from Dr. A. L. du Toit, of 
the South African Geological Survey.* 

Dr. du Toit has come to the conclusion that some of the so- 
called Rhcetic strata would be better placed in the Upper Trias 
(Keuper) than in the RhaBtic. He includes among these the 
strata in South Africa, Tonkin, and Persia. In the case of South 
Africa, he finds this is borne out by an analysis of the vertebrate 
fauna of the Red beds and Cave sandstone overlying the Molteno 
Beds, which is of Triassic affinities. He concludes tliat the flora 
of the Molteno Bede is of Keuper Aye and not yon^iyer. 

The Ipswich flora is undoubtedly very similar to that of the 
Molteno Beds (see Table iii., column 2), but the finding of Oloss- 
opterie in the latter suggests that it is possibly slightly older 
than the Ipswich flora. 

* Letter dated 2nd 1.>eoember, 1H16, 

a 



82 OKOLOGT OF LOWER MESOZOIC ROCKS OF QUEENSLAND, 


From the evidence available, we are justified in stating that 
tlie flora of tiie Ipswich Series indicates distinctly an Upper 
Triaasic age, possibly Kh&*tic, but probably older. 

Tlie flora of the Walloon Series is decidedly of a Jurassic type, 
and the typical Jurassic forms in the Series seem to consist of 
al)out equal numbers of species characteristic of Liassic and 
Lower Oolitic strata. The Walloon Series is of very great thick¬ 
ness (probably of the order of 10,000 feet), and when it has been 
studied in greater detail, it seems quite probable that it may 
iiave to i)e subdivided into a number of stages. For the present, 
we may regard the Walloon Series as representing a portion of 
the Lower Jurassic System corresponding at least to the Lias 
and Lower Oolite. 

It is very difficult to draw any reliable conclusion as to whether 
the Bundamba Series should be placed with the Ipswich Series 
in the Iriassic, or with the Walloon Series in the Jurassic. 

There is no fossil evidence which may be taken as » guide. 
Botli Mr. Cameron and Mr Dunstan have drawn my attention 
to the usual association of the Bundamba Series with the Ipswich 
Series, rather titan with the Walloon Series; and, on this account, 
it is, for the present, tentatively placed in the Triassic System 
with the Ipswich Series 

Correlation of trr Lower Mesozoic Rocks of Queensland 

WITH THOSE OF OTHER AREAS IN AUSTRALIA. 

In considering the correlation of the Queensland Lower Meso¬ 
zoic nicks with those of the other States, their relations with the 
States will be discussed separately in the first place, and then 
the results summarised by drawing up a table indicating the 
relative positions of the various occurrences. 

(a) Nmw Scuth Bew South Wales, the strata of 

Lower Mesozoic age comprise (a) the Hawkesbury Series, includ¬ 
ing the Narrabeen Stage, Hawkesbury Sandstone Stage, and 
Wianamatta Stage, to which a Triassic age has generally been 
assigned; {b) the Talbragar Beds, the Clarence Series, and the 
Artesian Series, which have been regarded as of Trias-Jura age. 
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The Hawkesbury Series is divided into tliree Stages, viz.:— 
Narrabeen, tfawkesbury Sandstone, and Wianarnatta in ascend¬ 
ing order. The Narraliecn Stage consists nmiidy of sandstones 
and siialcs, the Hawkesbury Stage of massive sandstones char¬ 
acterised by current-bedding, and the Wianainiitta Stage mostly 
of shales. 

This Series comprises a basin, and is apparently conformable, 
in the central portion of the basin, with the underlying Pcimian 
(Permo-Carboniferous) System; but, in the marginal areas, there 
is an overlap amounting to unconformity The llawkcKiniry 
Sandstone Stage rests conforinahly on the Narral>een Stage, 
while the Wianarnatta Stage occupies a slightly eroded basin in 
the Hawkesbury Sandstone * 

The Talbragar Beds cover only a small area, anil occupy a 
basin eroded in the Hawkesbury Sandstone; and tliere is no 
doubt of an unconformity, stratigraphical as well as palieonto- 
logical, between the Hawkesbury Sandstone and the Talbragar 
Beds. 

The Clarence Series occurs in the north-east of New South 
Wales, between the New England Tableland and tlie coast; and, 
at its northern end, it is continuous with the W^alloon Series of 
Queensland. Reference to the latest Geological Map of New 
South Wales shows that the Clarence Series is practically con¬ 
tinuous with the Walloon Series in the neighbourhood of Mt. 
Lindsay, and also that, further west, it is continuous with the 
eastern branch of the belt of Walloon Series on the Darling 
Downs, extending through Warwick and Killarney to the border 
of New South Wales. 

The Artesian Series of New South Wales exists on the western 
margin of the New England Tableland, and extends along the 
eastern margin of the Great Australian Artesian Basin. It is 
practically continuous into Queensland with the belt of liOwer 
Mesozoic rocks extending past Warwick and Toowoomba. It is 
seen, then, that the Clarence Series and Artesian Series are each 
directly connected with the belt of Walloon Series in the Darling 

* See Qime, N.S.W. Handbook, fi.A.A.S., 1914, pp.601-en7. 
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Downs, and they must, therefore, he identified witii one another 
as regards age, on the evidence of their field-occurrence alone. 

Litliologically, the Clarence Series is divisible into three divi 
sions, the middle one consisting of a scries of iimssive sandstones. 
This lithological division led to a consideration of the possihility 
of the three stages being tlie equivalents of the Narrabeen, 
JHawlcesbury Sandstone, and Wiananiatta Stages of the Hainkes- 
btiry Series. Mr. Came* has, however, shown, in a convincing 
manner, that this is not the case. 

Another possibility that mu&t he considered is, that the three 
stages of the Clarence Series might he the equivalents of the 
Ipswich, BuridarrilNt, and Walloon Series of Quc<Misliind. Un¬ 
fortunately, the Clarence Series has not been examined in great 
detail geologically, but the fact, that Game indicates the presence 
of Tetniapteria spatnlata [?’. Daintreei] in the lower part of the 
Series,! is sufficient to render the correlation of any part of the 
Clarence Series with the Ipswich Series improbable. It is pos¬ 
sible that the sandstones and conglomerates at the base of the 
Clarence Series may be the equivalents of the Bundatnba, but, 
on the present evidence, I believe that the greater part of the 
Clai*ence Series (it not all of it) is to be correlated with the 
Walloon Series of Queensland. 

Fossil plants are present in varying abundance in the various 
Lower Mesozoic »Series of New South Wales. No thorough 
examination of the flora of the three Stages has been undertaken, 
and, therefore, the compilation of satisfactory lists of the floras 
of the different Series is not an easy matter. The following lists 
have been drawn up from descriptions and lists published from 
time to time, the majority of the determinations of New South 
Wales Mesozoic plants having been made by Messrs. R. Ether¬ 
idge J utir., and W, S. Dun. Names included in square brackets in 
these lists are conclusions or compansons suggested by myself to 
bring, where possible, the New South Wales determinations into 
line with my own work on the Queensland flora. 

* Carne, Mvm. Ueoi. Surv. N.8. Wales, Geology, No.6, 1908, pp.81-40. 
t Osrne, cp, p.34. 
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List of fossil plants recorded from the Jjower Mesossoic rucks 
of Now South Wales :— 


i. Hawkesbury Hkkikb. 

(a) Narrabeeii Stage. 

Thinn/eldin^ n.sp 
SphenopierM sp. 

0lea7idr%dinm\^ TfHniopteria sp.J 
MacrotteniopteriB [7Vent(>p<erttf 

SP;J 

Tn^niopterig cf. McCMlandi, 
Giftkgo dilaiata var lafa, 
RhipidopaiB ghikgoidnH var. 

SuBamilchi. 

A7*aaca7*itea (cones). 
lirachyphyllum(^), 

{h) Hawkesbury Sandstone Stage. 

Ottalia prtntei'iia, Thinnfaldia odo^Uaptaroideayr, 

Phyllothaca concinna. FniaUnantalt]. 

P. flookerin Macrotmuioptfivia. 

JSquiaatum, M, wianamaifm, 

AleihopUria OUa^idridium ItnVidanliJwme, 

(e) Wianamatta Stage. 

Phylloihaca Hookari. Afacrotmiivpte* ia wtavMHaUm, 

P, auatraH'*, Sphenojyleria 

Tkin 7 \feldia otiontopiaroidea [7'. Pecoptaria{}) te^iuijolia. 


Equiaahim. 

Phylfolhaca, 

Schizonmira miHlralia. 
Alsihopiaiia sp. 

CUidophlehiu cf. Roylei, 
Thinnfaldia narrabet^na^iata 
7'. lanc^olia, 

7’. odontopteroidaa, 

T, odotiio 2 )taroidaa( Hawkesbu ry 
type) [ = 7*. Faialma^Ueliy 


Feiatma^Mi and T. odonto- 
pUroidea\ 

Thinnfeldia^ small var. land- 

yWta-type. 

Cycadopieria acolo^ta^idri^ia. 


Gleichenia duhia(% 

Alaihopte^da auairalia [Cladth- 
phlabia autiralia] 

Baiara muUiJida[H,Simvmida%\ 
Ptarophyllumi^), 


ii. Talbraoar Series. 

Thinf^eldia odoniopteroidaa. Podozamiiea la^icadatna. 

Thiwnfeldia sp. apathulaiua, 

NauropUridiuta auainUe P. Lonyifoliua, 

Sphanapia^'ia sp. Podoxamitaa sp. 

'Pamu^taria Dai^dreei \T, apa TaxiUa cf. 2\ pUanua^ 

tadaui\. 
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iii, Clarbngb Skribs. 

AletkiipUris auBtrah$ [Clado- Tfpui&plet is Uaiulrnn (7'. «pa- 
pMebxn au»frali»\ iulata\ 

Thiw^Bldia odonfopftt} oidt^s, 1\ Tmuon- Wtwdst, 

aphenopCeriti, 

iv. Artksian Sbhibs. 

IWniopteru Dainireei [1\ spa- Thinvfeldia odonUipb*roxd^9- 
hilaitt], /iatera. 

The plant tu which special prominence has been given, in 
dealing with Australian l^wer Mebozoic strata, is 2\pniopieris 
Bpainlaia [T, Da\nVriiei\ This plant is of very widespread oc¬ 
currence in Eastern Australia, and seems to he a reliable indi¬ 
cator of age. In Queensland, it is found abundantly in the 
Walloon Series, but not in the Ipswich Series, in New South 
Wales, it is found in the Clarence Series, Artesian Series, and 
Talbragar He nos, but not in any stage of the Hawkesbury Series. 
There is no doubt of the identity of both the Clarence and Arte¬ 
sian Series with the Walloon Series, for they are continuous in 
the Held. The Talbragar Series is uiiconfonnablc on the Hawkos- 
bury Sandstone, and the presence of TmdopitrxB Bpaiulaia in the 
Talbragar Series indicates the relation of this Series to the 
Walloon Series; the occurrence of a Tcixiteu comparable with 
7'. planus is additional evidence for assigning the two Series to 
the same period. 

The next point to be considered is the relation of the rocks of 
the Hawkesbury Series to the other fxiwor Mesozoic rockb. 
There is no doubt that the Hawkebbury Sandstone is older than 
the Talbragar Series, and, therefore, older than the Walloon 
&^ries. What then is the relation between the Ipswich Series 
and the Hawkesbury Series? In the following Table are in¬ 
cluded the species of plants in the stages of the Hawkesbury 
Series which are identical or closely comparable with species 
in the Ipswich Series, the allied species in the Ipswich Series 
being indicated in square brackets. 
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TaBLK IX. 

Table Hhowiiig Hpeuieu in the Hawkenbui'y SerieH kIhiiIiuaI fit ultMcly 
uonipaiable with Hpeoien in the IpHWich SeiicH. 


Narralteen Stage. 


Thtnnfddia iaiu'ifdta 
T, odontojiteroidM 
T. odoHfojifet’Dtd^M (llaw- 
kesbury type) [ - 7\ 
FviHtmnntfJi] 
CfadophUuH of. Royhi 


Hawkenbury Sandatone 
Stage. 

ThivvMdia otlon foiV/f* 
r — ir. FviHimautdi] 
(RmndridiumY I 

IviitnetdifMfnK 
MnctxtUemofiiffriH | Ttnitofh 
terin] triauamaiftr 


VVianatiiatta Stage. 


FhyUoihem attnh'fdM 
Thnmfddm tdoutopiti^uh h 
L - T. and 

T, Feintimuifdi] 

T. hiit'ifoliit 

Macrotmuoytedn f Tivhtoff 
/fi'i/f] ii'iaiiiiimitte 

Alethoiiterin \ Clndophhh\ii\ 

aUHtrahn 

Haum widtxjida \B, Sim- 
moiidni] 

^.PttfOfiltyfiinni'i) Hp. 


It must be admitted that the flora of the Hawkeshury Series 
has been but imperfectly determined, but what evidence there 
is, goes to show that the Ipswich flora is much more closely 
related to that of the Wianamatta Stage than to either the 
Hawkesbury Sandstone Stage or the Narrabeen Stage. 

Having considered the evidence of the fossil plants, we may 
now briefly deal with the evidence provided by the other fossils 
in these Series. 

The results so far published, of the examination of fossil 
insects* from the Ipswich Series and Wianamatta Stage, do not 
give promise of any special value from a stratigraphical point of 
view, though, no doubt, they are of interest to the entomologist. 
However, the fact that insects are found, more or less abund¬ 
antly, in these two Series, and have not yet been discovered in 
the other Series of Lower Mesoxoic rocks, with the exception 
of Cicada (f) lomi in the Talbragar Beds, is a point which must 
be taken into consideration wbcii discussing the correlutiun of 
the Series. The insects in the Wianamatta Beds belong to the 
same Orders as some of those in the Ipswich Series, and, in one 
ease, the same genus is present, but there is no specific identity. 

* Queensland Geol. Surv., Pnblioation No.2fi3. 
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One species of Kailieria has been recorded from the Ipswich 
Series (/f*. mangalienaia Jones), and one from the Narrabeen 
Stage {E. Voghlani Cox). The two species are diifereiit, and the 
Jpbwicli ripecies tias been identified by Etheridge* witi) E. man- 
from the Damuda Beds (Permian) of India. 

Two species of Vnio{U. ipavicienaia and JL eyranaia) Iiave 
been described from tlie Ipswich Series; and two species of Unio 
{U, wutimmfUtenaia and U. Dwhatanx) together witii two species 
of IJnionella [U. hofjoralfMHiH and U, (Jarnei) from tlte Wiana- 
rnatta Stage. Tliey artt the only polecypuds recorded from the 
Ijower Mesozoic rocks of New South Wales and Queensland. 

Fossil fish have been found somewhat abundantly on certain 
hori/oiiH of the Hawkesbury Series, and in the Talbragar Series; 
and have been described by Dr. A. Smith Wood ward, t 

From the Talbragar Series, seven species were described, all 
being new.^ llegarding the age of this fish fauna, Woodward 
concludes (op. cif., p.26) “ The Talbragar fish-fauna is, therefore, 
probably not earlier than the Upper LiH.s, and may be referable 
to the I^wer Oolites/^ 

The results of his examination of the fossil fishes from Gosfurd 
and St. Peter's are remarkable. The Oosford liurizon is about 
the junction of the Narrabeen and Hawkesbury Sandstone 
Stages, whereas the St. Peter's horizon is in tlie Wianamatta 
Stage, and is some to 1,000 feet above the Gosford horizon 
Regarding thefish-romainsfrom Gosfoi'd, WoodwBid,§ concludes: 
**So far as can be determined from the fishes, therefore, the 
Hawkesbury beds may be regarded as hoinotaxial with the 
Keuper of Europe, or, at latest, with the Rhetic; and, on the 
whole, the present writer is inclined to adopt the first of these 
interpretations." 

In the case of the St. Peter’s specimens, the fish were collected 
in two types of matrix, viz., an indurated shale or claystone, and 
a grey mudstone, the former occurring as several bands aepa- 

* Geology and Pala*ontulogy of Queensland, p.307* 

Meiii. Oeob Surv. N. 8. Wales, Palaanitology, Nos 4, 9, 10. 
t PaUeotitology, Ko.9. 
i Ihtd,t p.5d. 
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rated by the latter. Woodward rcfcrb to the Hsh from the 
indurated shale as indicating a distinct Permo-Carboniferous 
age, and tl^oso from the grey mudstone as Triassic or Rhictic.* 
Obviously, great caution must be exercised in using these results 
for the purpose <if correlation. 

(6) Victoria ,—The Ijower Mesozoic rocks of Victoria comprise 
series of shales, felspathic sandstones, and mudstones, with 
occasional conglomerates, which are developed in three areas, 
viz., South Gippslaiid, Cape Otway, and Wan non River. Asso¬ 
ciated with these rocks are coal-seams up to nine feet in thick- 
ness. Analyses of the coals are of the same general type as 
analyses of the Ipswich coals The flora of some of these beds 
has been described by Seward, t whose conclusion regarding their 
age is, that they are approximately the same age as the Inferior 
Oolite of England, or the llajmaha) 8eries of India.^ Occa¬ 
sional additions to the species described by Seward have been 
recorded by Chapman. 

The following list comprises the species described by both 
Seward and Chapman: -- 

Al/archaniitcc sp. Thinn/eldia AfeCoyt, 

liEquiaetites wonUiagyiensiH. Thinn/eldia sp. 

Equieetites sp. Hhizotnopiens Etherxdgei, 

aLyeopodites victorice fiSlenopteris rlongata, 

Adxantitee lindmyoxdee. pSUtnopleria sp. 

aVomopterla hyimwphyUoxdea ^kUitikyo sp. 

var. aualraliea, aBaiera auntralia. 

Sphenopteria anipla, ali, graeUia, 

Sphetiopteria sp. Ginkgo (female flowers?). 

Taniopteria Dainireei, t$ yUsaonm sp. 

al\ Daintre^i var. major. Podo%amit-a Harklyx. 

pT, apatulata var. crenata. P ellipiicna, 

aClodopMebia dentimUaia var. Kidatom, 
auairalxa. P, loxig^oliu*. 

pThin^i/tldia odontopieroidea . »A tyaucaritea sp. A. 

* Mem. Ceol. 8urv. N. B, Wales, Palreontol<^, Xo.10, pp.27, 29. 
t Reo. Geol. Burv. Viotoria, Vol. L, Pt3, 1904. 

: Op. cif., P.1H4. 
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Araucarit^B sp.B. pPalinBya awtralU, 

pConiUB sp. pVkeirohpiB (?) tteioBUB. 

of. Hr<kchyphyllum Ap ft of. Albertxa axiatrolis, 

ftB. yippslandtcum, CarptditheB sp.A. 

a.Va3tiieB sp. CarpolithBn sp.B. 

The species marked ft are recorded by Chapman, in addition 
to those descril>ed by Seward. 

Of the species in this list, those marked with a (10 in 
number) are similar to types <iocurring in the Lower Oolite 
of England. 

In the Victorian Lower Mesozoic rocks, a tooth and scales of 
CmUoduB have been found, and also a claw of a dinosaur. One 
species of Unto {U stixlixiyi) occurs in these beds. 

Although the number of species of plants common to the Vic¬ 
torian and Queensland I^ower Mesozoic rocks is small, there is 
no doubt that the Victorian flora resembles the Walloon flora 
much more than it does the Ipswich flora. A few species, s.g., 
Tasniopteris Dainirtti { BjHitulcUa)^ 1\ Daintroei var. mnjfor, 
and CladophlehiB dButienhUa var. auBitidiB (- C. auBiraUB) are 
identical with forms of the Walloon Series; while others, as 
SpkenopieriB ampla, i?atera graailiB^ cf. Hr achyphy Hum sp., and 
TcuBiicB sp., are closely allied to forms found in the Walloon 
Series. The occurrence of TmniopieriB Bpatulata and the conifers, 
ArauearitcB, Brachyphyllum^ and TaxiteB is sufficient to show 
clearly, that this flora is not to be compared with that of the 
Ipswich Series. There appears to bo no doubt that the Victorian 
Mesozoic CoabMeasures are to be correlated with the Walloon 
Series in Queensland, and its equivalents in l^ew South Wales. 

(c) South AuBtralia .—In South Australia, the strata of Lower 
Mesozoic Age comprise the south-western margin of the Great 
Australian Artesian Basin, and an outlier of this preserved as a 
faulted basin in the neighbourhood of Leigh’s Creek. The 
Leigh's Creek basin is quite isolated, and surrounded by rocks 
of Upper Cambrian Age; the basin is 16 miles long, and has a 
maximam breadth of 6 miles; the total thickness of strata in it 
exceeds 2,000 feet of shales and carbonaceous shale;, with bands 
of limestone and sandstone, and a belt of very hydrous coal, 48 
' feet thick. 
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Recent developments in Queensland hIiow that large areas of 
sandstone on the margin of the Artesian Basin, which have pre¬ 
viously been regarded as of Cietaceous Age, must now he con¬ 
sidered as ecjuivalents of the Walloon Series. Future work may 
show that the marginal portions of the Artesian Basin in South 
Australia represent the same sandstones, though these are all at 
present mapped as Cretaceous. Near the margins of the basin, 
the water-bearing sandstones obviously approach close to the 
surface, as shown from bore-records, and it seems more probable 
that they outcrop, than that they are overlapped hy the Cre¬ 
taceous. 

The fossil plants recorded from the South Australian Lower 
Mesozoic rocks are 

Thinvfeldia odontopirroida^ sp. 

[1» T, Feiitmanieli\ EquinHum 2 spp. 

T niHdia [? 2\ hmcifolta\ Freudo%>sin(\), 

Mac^ oU^niopteru wia/zaiwaWfc. AntU%4iphyop»i${'i) sp.ind. 
TtenwpUria fiuctnans, 

feistmavteH occurs at OoroowiJanie Swamp, about 
100 miles north of Ijeigh’s Creek, but this may he in the Creta¬ 
ceous rucks. This list lias l>een drawn up by Howchiii,* mainly 
from determinations by Etheridge. Unio ty^evHU hIso occurs 
abundantly in the same rocks. 

This list of plants does not provide any very conclusive evi¬ 
dence regarding eorrelatioa with other Australian strata. There 
scorns no reason for nut considering the Leigh’s Creek basin as 
an outlier of the Artesian Tories; and, further, the identity of 
the Artesian Series with that of New South Wales and the 
Walloon Series in Queensland is hardly open to question. 

(d) Wentarn Auslraltn, —Western Australia provides the only 
Australian example of marine and freshwater fossils of Lower 
Mesozoic Age occurring in association with one another. The 
exact relation which the plant-bearing beds bear to those with 
marine fossils is not clearly stated, but it may be inferred fixmi 
a study of Bulletins 36, 3d, and 50 of the Geological Survey of 
Western Australia. 

* British Assou. Adv. uf Suiuiiuu: Uiuidbuuk uf HouUi Australia, 1914, p.225. 
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The marine fossils fix the age of the Ijower Mcso/oic of Western 
Australia as JuraHsic, and Etheridge refers those from the 
Greenotigh River to the Oolite.* * * § The Jurassic rocks cover a 
large area in the Champion Bay district, near Geraldtmi, par¬ 
ticularly between the Grecnough and Irwin Rivers. According 
to Gibb Maitland, they consist of *'oolitic limcjstoncs, clays, sand- 
stones (which are often ferruginous), grits, (‘onglomei ales, and 
lignites.”! They are horizontal or gently undulating, and their 
tilickness lias been proved to the extent of li,000 feet, by bores 
in the Champion Bay district. 

From these rocks, ArlierJ has described O/ouimt/es /'ngf- 
marUefi,and a coniferous fragment from near Minginew; ami he 
has pointed out the reHemblutice of tliesc to fossils from 'J'algai, 
Darling Downs, and Rosewood, west of Rocklianipton in Queens¬ 
land. 

Examples of fossil plants in close association with marine 
fiissits are noted by OainpbeIl.§ Speaking of Mt. Hil],|| he says, 
''Fossil steins of a plant, apparently a species of Equisetaceie, 
and Palm or Oiozamifeg stem-scales and pieces of wotid occur in 
the sandstones and grits of the north side.” 

"A limestone band occurs at about 100 feet lielow the summit 
of the hill, and can l>o well seen on the fence-line, 10 chains 
west of the summit. Mere, numerous Jurassic fossils occur in 
an excellent state of preservation. On the ridge, also, extend¬ 
ing north from the summit, there is a fossil if erous, fine-grained 
sandstone.” 

The i*esults of Dr. Arber's examination of the plants from 
Minginow were apparently available to Mr. Campbell, since he 
quotes (p.68) ArbeFs conclusions, so it may be presumed that 
the plants from Mt. Hill are similar to those from Minginow. 
On Plate 5 of the same work, in the vertical section of the Don- 

* Geol. Surv, West Australia, Bulletin 3U. 

f (tool. Hurv. West Australia, Bulletin 50, p.21. 

Z Bulletin 30, p.i25. 

§ Ihid.f Bulletin 3H. 

I! Op. c»/., p.60. 
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gara bore, fossils” are indicated in shale at 535 feet, and 
plant-remains” at about 1,300 feet. 

Although the information is scanty, it may be concluded that 
comparatively flat-bedded rocks of Jurassic Age, and of con¬ 
siderable thickness, cover a large area in Western Australia; 
that these beds contain both marine and plant-fossils, and that 
the plant-foKsils include equisetaceous sterns, Oinzamite^ and 
coniferous fragments, and also pet rifled, coniferous wood. 

Where definite evidence for accurate correlation is scanty, as 
in the present ease, all possible indications must be considered; 
and, at the same time, caution must be exercised in drawing 
conclusions. Tn comparing these Western Australian Jurassic 
rocks with the Lower Mesoxoic strata of Queensland, the follow¬ 
ing points stand out. (n) In the Western Australian Jurassic^ 

the only definitely determined plant is Otozamiteu /Vtsfmatife/i, 
which occurs in a fine-grained, ferruginous sandstone, possibly 
of Oolite age; (b) in Queensland, fossil plants are abundant in 
the Lower Mesozoic strata, but the genus Ofozamtfes occurs only 
ill the Walloon Series, and usually in a fine-grained, ferruginous 
sandstone, which is of very wide occurrence;* (c) the species 
Otoznmiif'g Feislmanitili occurs both in the Western Australian 
Jurassic and in tlie Queensland Walloon Series 

The indications, then, point to the probability that the Wall¬ 
oon Series is homotaxial with the Jurassic strata of Western 
Australia. Tf, as the author believes, the development of the 
fine-grained, ferruginous sandstone containing Otozamitea Feiat- 
manteli indicates peculiar conditions under which deposition 
took place, then there is the further indication that the two 
Series are synchronous. 

(e) Taamanvi ,—A rich, Lower Mesozoic flora is present in the 
strata of that age in Tasmania. This flora, however, has been 
untouched for many years, and the existing descriptions and 
figures by Johnston are too imperfect to be used for any purpose 
of definite correlation. In addition, Mr. Twelvetrees, Govern¬ 
ment Geologist of Tasmania, kindly informed me that the rela- 


abuve, p.50. 
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tions of the Lower MoHOZoic strata in Tasmania to one another 
are not yet definitely settled. No attempt will l)e made liere, 
therefore, to correlate any of the Tasmanian Lower Mesozoic 
rocks with the other Australian occurrences. One point may be 
noted. There appears to be an absence of Ta>niopterin upafulata 
in the Tasmanian strata, and this may indicate tfiat they are 
older than J urassic. 

Opinions have been expressed regarding; the age of Tasmanian 
strata. Chapman^ suggests that it may be possible to divide 
the “ Upper Coal-Measures of Tweh'etrees into an older and a 
younger series. Me concludes, **T)ie Jurassic Hora of the Tas¬ 
manian localities, Jerusalem, ll'ingal, Spring Hill, York Plain, 
Hamilton, Richmond, New Farm, Handily, Recherche, South 
Cape, Longford, etc., appears to contain an assemblage which, 
with some few exceptions, as SagmopUru and PAomicopsta, is 
practically identical with that of the plant-bearing strata of 
Jurassic age in South Qippslaiid, Cape Otway, and 'Western 
Victoria ” 

Professor Dnvidt classes them provisionally “as Upper Trias 
or Passage Beds into the Jurassic proper, ’ whereas W. H. Duii| 
regards them as equivalents of the Victorian Jurassic. 

Mr. Twelvetrees points out that the evidence of the fossil 
flora in Tasmania, as far as it goes, is slightly in favour of a 
Hhsetic age. He also considers that some of the Tasmanian 
occurrences are the equivalents of the Clarence and Talbragar 
Series in New South Wales.J 

Lower Mesozoic fossil plants are known from a number of 
localities in New Zealand, but, in view of the fact that an ex¬ 
amination of them has recently been carried out by Dr. E. A. 
Newell Arber (the results not having been published yet||), it is 
deemed inadvisable to discuss them at this stage. 

* Records (leol, Sui*v. Victoria, lii., Pt.*2, 1912, p.22E, 
t British Assuon. Adv. Science, (leology of the Oomnioiiwealth, p 277. 
t Ibid,, p.297. 

itUeol. Surv. Tasmania, Bulletin 20, J9iA, pp. 14-16. 

]l Issued in February, 1916, too late for oonsideraticm iii the present 
paper. 
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(f) Summary, The results of these compansons of the Queens¬ 
land, Ix)wer Mesozoic rocks with those of the other Australian 
States, may l>e siiiniimribod in tabular form thus :— 



o 
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Gkolooical History. 

In discussing the conditions witich existed (luring Ijower 
Mesozoic times in Queensland, reference must be made to the 
conditions, as far as we know them, towards the close of the preced¬ 
ing Permian (Perfno-(/arlx>niferous) Period. The late.stsediments 
of this latter period are the Upper Coal-Measures in both New 
South Wales and Queensland. In New South Wales, the New¬ 
castle or Upper Coal-Measures were formed in a large basin, in 
an earlier paper,** T tiave attempted to show, in a general way, 
the distribution of land and sea in New South Wales during the 
various stages of the Pertnian (Permo-Carboniferous)f Pei kk], 
and have suggested that the successive stages within the period 
might have been produced by a tangential force acting towards 
the continental mass of Australia in a W. by 8. direction. 

The close of the Palieozuic era in Northern New Boutli Wales 
and Southern Queensland was accompanied by extensive intru¬ 
sions of granitic masses. Tti the New England and Stanthorpe- 
Warwick districts, these intrusions have resulted in extreme 
folding of the Permian (Permo-Carboniforous) strata, but have 
not aftected the sediments of the Walloon epoch. Tlie age of 
the intrusions is defiiutely between the upper marine sediments 
of the Peraiian Bystem and the Walloon Beries. The Permian 
(Permo-Carboniferous) sedimentary strata have been extremely 
folded and contorted, and ccnivertcd into slates resembling, in 
general appearance, rocks of greater age than Permian; their 
age, however, has been fixed beyond doubt by the occurrence in 
them of marine fossils in the Drake district, and near Warwick. J 

* Proc. Tjinn. Boo. N. B. Wales, 1918, xxxviii., pp.l8U-146. 

f It has recently been suggested by Professor David and Mr. W. S. Dun 
(British Associi. Adv. Boi., Australia, 1914: Report, p.379; and Federal 
Handbook on Australia, p.'i67) that perhaps the term Pemio-OarboniferouH 
in Australia should be replaced by the term Permian. Without going into 
reasons here, it may be stated that the author is entirely in accord with 
the suggestion, and, for the purposes of this paper, proposes to write the 
name thus; Permian (Permo-CSarboniferous). 

$ Andrews, ** Report on Drake (lold and Copper Field,” Ueol. Surv. 
N. 8. Wales, Mineral Resources, No. 12, 1968. 
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Further north, in the Gympie district, rocks of similar ajje are 
also folded and metamorphosed to much the same extent as in 
the districts just mentioned. 

A word of caution must he expressed here regarding the so- 
called “Gympie” strata. The results of fieldwork carried out by 
the ofHrers of the Queensland Geological Sutvey tend to show 
that many rocks have, in the past, been referred to the Gympie 
Series without suflicient evidence; these are gradually lieing 
sorted out by the Geological Survey, and put in their pn»per 
position; and they have been found to include representatives of 
the Carboniferous and Devonian Systems, in addition to true 
Permian (Permo-Carboniferous) strata. Care must be exercised, 
therefore, when dealing with rocks classed as Gympie. 

In the Gympie district, where undoubtedly Permian (P^rmo- 
Carboniferous) sedimentaries are much altered, there are 
granitic, intrusive masses whose age is not diiectly deteimin- 
able. It seems a reasonable suggestion that they are of similar 
age to the New England intrusions, and that they have been 
responsible (at least in part) for the folded and altered condition 
of the Gympie rocks. 

Further north and north west in Queensland, the Permian 
(Permo-Carboniferous) rocks [Bowen River coalfield, Dawson- 
Mackenzie coalfield, etc.] appear to be normal, and not to have 
suffered any considerable folding as the result of the intrusion of 
large plutonic masses. 

In the distribution of the Permian (PermO'Carboiiiferous) 
rooks of New Houth Wales and Queensland, then, there are to 
be noted the following important points. Sediments of this age 
are known from Southern New South Wales to Northern 
Queensland; normally, these sediments are unaltered, and ap¬ 
parently have not been subject to extreme folding-forces; in the 
central part, however, (from New England to the Gympie dis- 
triot) the intrusion of extensive, granitic masses has resulted in 
extreme folding and metamorphisro of sediments of this age, 
which, as a result, resemble strata of much greater age than the 
normal Permian (Permo-Carboniferous) strata of Eastern Aus¬ 
tralia. 
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These extensive intrusions probably resulted in the elevation 
of the areas affected, to a much greater altitude than the neigh¬ 
bouring areas. 

The Tjower Mesozoic rocks of Eastern Australia appear to have 
been deposited in a series of basins, which were not all developed 
at the one time The sediments deposited in these basins are, 
with a single exception (supra, p.38), freshwater accumula¬ 
tions, and this fact tends to show that the basins must have had 
some outlet; otherwise, the bodies of water would comparatively 
soon have become salt. Regarding deposits formed in basins in 
this manner, we may note that Suess quotes Richthofen’s dis¬ 
tinction between central and peripheral types of drainage as 
illustrated by salt and coal. He says, Salt with gypsum cor¬ 
responds to a closed drainage system or central position; coal, 
when found in extensive freshwater basins, corresponds to the 
open outflow, without which no accumulation of water could 
maintain for long its original composition.”* The latter part of 
this statement seems to admit of no contradiction, and it applies 
to the basins in which the sediments of Lower Mesozoic age in 
Eastern Australia were deposited. We shall consider later the 
positions of the outlets for the various basins. 

The earliest basin developed was that in which the Hawkes- 
bury Series of Hew South Wales was deposited. In the central 
portion of this basin there appears to be stratigraphic conformity 
between the Upper Coal-Measures, and the Harrabeen Stage of 
the Hawkesbury Series. Nearer the margins, however, there is 
unconformity. In addition, there is a very distinct palaeonto¬ 
logical break, only a few forms persisting from the lower to the 
upper. The unconformity between these two Series is one which 
involves a definite interval of time, but not any considerable 
movement. The time-interval must have been sufficiently long 
for the Mesozoic flora of the Narrabeen Stage to have almost 
completely replaced the typical Palaeozoic flora of the Upper 
Ooal-Meaaures 

The basin in which the Narrabeen Stage was deposited was 
produced by a gradual subsidence, which apparently continued 
* Soem, **The Face of the Earth," iii., p.312. 
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throughout a tong period during which the Narral)een and 
Hawkesbury Sandstone Stages were deposited. 'J'he area of 
deposition increased gradually during this time, the Hawkesbury 
Sandstone Stage covering a inucli greater area than the Narra- 
been Stage. During the early stages, volcanic activity appears 
to have been in evidence, as indicated by tlie development of 
tuffaceouB rocks in tlie Narrabeen Stage. The thickness of the 
sediments deposited in tliis basin reaches a maximum of about 
3,000 feet, made up of a maximum of 2,000 feet of the Narra- 
been Stage, and 1,000 feet of the Hawkesbury Sandstone Stage. 

The Hawkesbury Sandstone Stage is apparently conformable 
with the Narrubeen Stage. The existence of breaks, which do 
not show as very marked unconformities, must, however, always 
be borne in mind. Writing on this point, Schuchert remarks,* 

** The easily seen, marked unconformities.are of course 

accepted at full face*value; but the many more apparently con< 
formable and yet broken contacts, the disconforinities, ai*e gener¬ 
ally overlooked, or when seen are generally undervalued. ... In 
regard to the breaks, the statement can bo made that there are at 
least tendiiconformities for every known angular unconforinity." 

These statements may be applied to both the Permian (Permo- 
Carboniferous) and Mesosoic Systems of Australia, within which, 
apparent conformity appears to be general, but where there are 
quite a number of paleontological breaks. 

During the time in which the Narrabeen and Hawkesbury 
Sandstone Stages were deposited, probably the rest of Australia, 
which at that time was of greater extent than to-day, was dry 
land. 

Between the Hawkesbury Sandstone Stage and the Wiana- 
matta Stage there is a distinct break. The Wianamatta beds 
have been deposited on the eroded surface of the Hawkesbury 
Sandstone, which must, therefore, have been elevated, exposed 
to denudation, and again submerged before the succeeding beds 
were laid down. In addition, the extent of the Wianamatta 
beds was mueti more limited than the Hawkesbury Sandstone. 


Bulletin Ueol. Soo. America, xxvii, 1916, p.497i 
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Our studies of the fossil floras indicate that the Tpswich Senes 
in Queensland was laid down at the same time as the Wiana- 
matta Stage in New South Wales. The strata of this Series 
were laid down over a comparatively restricted area in Southern 
Queensland, though it is not possible to obtain an accurate idea 
of its exact extent. Parts of the areas l>ordering tlie basin in 
whiclt the Ipswich Series was deposited were probably very 
elevated, s.y., the Stanthorpe-Warwick, and the Qympie Dis¬ 
tricts, the extent of the elevation liaving been due to the exten¬ 
sive intrusions of granite at the close of the Palwozoic era. 

It is probable, also, that part of the Lower Mesozoic sedinientH 
of Tasmania was deposited contemporaneously with the Wiana- 
matta Stage in New South Wales, and the Ipswich Series in 
Queensland. 

The Bundamba Series, which follows the Ipswich Series in 
Queensland, has no equivalents, so far as we know, in New South 
Wales, apparently, sedimentation in the main Hawkesbury 
Basin came to a close with the end of the Wianamatta Stage. 
Later sediments in that State were laid down to the north and 
north west. 

In Queensland, the dominant movement from the beginning 
of the Ipswich epoch was a subsidence This movement was not 
continuous; there were, at least, breaks represented by the base 
of the Bundamba Series and of the Walloon Series, and there 
may have been further breaks within the Series. At the time 
of these breaks there was probably a cessation of sedimentation, 
accompanied by a slight uplift before the downward movement 
reasserted itself; the predominance of the downward movement 
is proved by the ever-increasing area covered by the Lower 
Mesozoic sediments until, towards the close of the Walloon 
epoch, the greater part of Queensland was probably covered by 
enormous stretches of fresh water The portions of Queensland 
which were not submerged during the Walloon epoch (Jurassic) 
include the north-western corner of the State, an area in the 
neighbourhood of Hungerford on the New South Wales border, 
and probably areas to the east of the presmt Main Divide, which 
had been considerably elevated as & result of movements accom- 
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panying the intrunion of exteriMve granitic massed^ at the close 
of the PalfeoKoic era. It is iinpossihlc to define these latter 
areas at present, hut they include the Stanthorpe and Gym pie 
districts, and prolmhly some of the present coasial portions of 
Queensland north of Rockhampton. 

The area over which deposition of the Walloon Series took 
place extended into New South Wales and South Australia; and 
its boundary prol)ahly agreed fairly closely with the margin of 
the Great Australian Artesian Basin; it is from sandstones in 
the Walloon Series and its equivalents, tliat the great bulk of 
the artesian water is obtained, so that, although these arc not 
known to outcrop along the southern margin of the Artesian 
Basin, their presence is known, and they are apparently over¬ 
lapped by the IA)wer Cretaceous strata. 

It may be remarked here, that it is only comparatively recent 
wuik that has shown the sandstones forming the intake in 
Queensland to he of WalhKin age. Tn view of this, it is possible 
that outciops on the soutlieiii and western margins of the Basin 
may, in the future, be shown to be of the same age, though at 
present mapped as Cretaceous. 

The (*larence Series represents deposition in tlie south-eastern 
portion of the same basin. The Talbragar beds seem to repre¬ 
sent depoNition in a small, isolated lake. 

Tn South Australia, the small, faulted basin at Leigh’s Creek 
probably represents an outlier of the main occurrence further 
north. 

Contemporaneously with the Walloon Series also, there were 
deposited the Jurassic sandstones, etc., of South Oippsland, Cape 
Otway, and the Wannon River areas in Victoria, and possibly 
also portion of the Ixiwer Mesozoic strata of Tasmania. At the 
same time, marine sediments wetre laid down in Western Aus¬ 
tralia, and, associated with these, there are a few plant-remains. 

The close of the Jurassic in Australia was not marked by any 
violent movement. In Queensland, New South Wales, and 
South Australia, the Jurassic rocks are followed by Cretaceous 
marine strata (Rolling Downs Series) without any observable 
unconformity. Palnontologically, however, there is a very 
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marked break, and there is also generally a lithological distinc¬ 
tion. The Cretaceous sea represents a traxisgreBsiou from the 
north, and covered the greater portion of the Jurassic strata 
over what is now the Great Artesian Basin, and, as shown in 
Text-fig.6, this transgression probably divided the Australian 
continent in two. The present Main Divide in Queensland was 
probably elevated, and became a land area practically throughout 
its whole length in Cretaceous time, and has remained essentially 
so to the present day. On the west, the Cretaceous sea covered 
the area of the Artesian Basin as already mentioned, while, on 
the oast, there are Cretaceous marine deposits between Mary¬ 
borough and Butidaberg reaching a thickness of 1,000 feet. It 
is impossible to determine the exact extent of these to the east. 
The marine Cretaceous, both in western Queensland and in the 
Maryborough district, are followed by Cretaceous freshwater 
deposits known as the Winton Series and Burrum Series, 
respectively. 

Lowed Mesozoic Paljbogeoqraphy of trk Austualabian 

Uboion. 

Published maps indicating the geography of the Australasian 
region during Mesozoic times are few in number. 

Perhaps the oldest is that of Neumayr, which has been con¬ 
tinually quoted and figured by later writers, including Jensen* 
and Hedley.t The latter{ also prepared a map to show the 
Queensland coast at the close of the Mesozoic era. Jensen§ has 
published a series of maps sliowiug the distribution of land and 
sea in the Australian region at various periods, including one in 
Xriassic time. Recently, Schuchert|| has published a series of 
palsBogeographic maps of Oceania, including one in Triassic time, 
and one in Cretaceous. 

The important general feature of these maps is that they show 

* Pioo. Linn. Soo. N. 8. WaIoh, 1008, xxxiii., p.d07. 
t Report Aust. Ahhoo. Adv. 8oience, xii., 1000, p.832l 
$ Op. tit.f p.888. 

§ Froo. Roy. 8oo. Queensland, xxiii., Ft.2, 1912. 

II Amer. Jonm. Soienoe, xlii., 1016, p.OO. 
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a coast-line not a great distance east of the present position of 
the eastern coast of Australia. This coast-line is the western 
shore of a long gulf running from the south in a general meri¬ 
dional direction between Australia and New Zealand. Neumayr 
called this the Gulf of Queensland. Schuohert’s map shows the 
extension of this gulf further north to about the latitude of New 
Caledonia, when it turns to the east and again joins tlie ocean. 

Evidence as to the existence, or otherwise, of this gulf is scanty. 
Hedley* says, **According to Neumayr, a meridional crease in 
the earth’s crust produced, in Jurassic times, a gulf, which he 
called the Oulf of Queensland, whose western shore transgressed 
the present east Australian coast.” The most important piece 
of evidence indicating the existence of this gulf is the presence 
of an impoverished fauna of Foraminifera and Ostracoda in the 
upper beds of the Wianamatta Stage in New South Wales {supra, 
p.38). This is positive evidence of marine or estuarine condi¬ 
tions in the Wianamatta Basin (probably during late Triassic 
time). There is no evidence at all to show that this gulf trans¬ 
gressed the present east coast of Australia during Jurassic time; 
it is certain that there are no evidences of Jurassic marine 
deposits in Eastern Australia. 

The gulf was probably more or less coincident with the present 
position of the Thomson Trough; but whether the Thomson 
Trough is as old as Lower Mesozoic, is difficult to determine. 

The palieogeography of the Australasian region involves a 
consideration of the structure of the south-western Pacific region. 
Structural studies of this region have been made by a number of 
geologists, including Dana, Suess, Gregory, Marshall, and 
Schuchert. 

Marshall has pointed out that some of the earlier studies were 
based mainly on the geographic distribution of the island-chains, 
without much knowledge of structure. He has very rightly con¬ 
tended that conclusions drawn from such distribution may be 
quite erroneous. 

Marshall has argued that “ the real lK>undary of the south¬ 
west Pacific passes through New Zealand, Kermadec, Tonga, 
* Report Aust. Assoc. Adv. Soienoe, zii., p.331. 
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Fiji, New Hebrides, Solomon, and on to tbe Admiralty Tslaiids.”* 
This line would then bo the eastern Iwundary of tbe continental 
mass of which Australia, New Caledonia, New Zealand, etc., are 
remnants. Within this continental region there are a number 
of great deeps, 6.^., the two Holomon Island deeps (tlie northern 
one named the Planet Deep, the other unnamed/and an unnamed 
deep between the New Hebrides and New Caledonia. A discus¬ 
sion, which tbe author had recently witli Hev Father Pi got, of 
River view College, produced some facts which seem diiectly to 
concern the question of these deeps. The seismometers at the 
River view College observatory have, within the past few years, 
recoided a number of earthquake-shocks, and Father Pigot has 
calculated the positions of origin of these shocks. He kindly 
informed mo that quite a large percentage of the shocks recorded 
had their origin along a line from Kermsdec, through the deep 
between the New Hebrides and New Caledonia, tbe Planet Deep, 
and the Swire Deep (east of tbe Phillipines). The prevalence of 
earthquake shocks emanating from this line of deeps is probably 
connected with faulting movements, and it may reasonably be 
argued that these inovements are probably a continuation of 
those which produced the deeps, and, therefore, that these deeps 
are of very recent origin. If this is so, we have, in these earth¬ 
quake-records, evidence which supports Marshall’s contention as 
to the true margin of the south-west Pacific. Marshall’s con¬ 
clusions in this respect seem reasonable; and Text-fig.2 (p.l05) 
indicates the probable limits of the continental moss about the 
beginning of Mesozoic time; this map has l>een drawn-up mainly 
from the works of Marshall and Sohuchert, already quoted. 

This Gontinental mass was connected with Asia about the 
beginning of Mesozoic time, and it may have been continuous 
with Gundwanaland. Tbe breaking down of Gondwanaland 
commenced in early Mesozoic time, and tbe permanent enlarge¬ 
ment of the Pacific basiti probably commenced about the same 
time. There are marine Triassic rocks both in New Caledonia 
and New Zealand -evidences of epicontinental seas— but there 
is no marine deposit of Triassic age known on the present Aus- 

* Report Aust. Awoo. Adv. tSoienoe, xili., 1911, p.09. 
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tiBliaii Continmit. The distribution of land and sea diinng 
TriHSHit* time in this ragioii appears to tne to be as indicatc3d in 



Text-fig.2. 

Map showing the approximate limits of the ContinentabMass, of which 
AusiralUf New Zealand, New Caledonia, are remnants. 
Text-flg.3(p. 107). Speaking of the Triassic marine deposits of New 
Caledonia and New Zealand, Marshall'*^ expressed the opinion, 

* ecology of New Zealand, lUl^i, p, 185. 
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that it <*at]nut bo definitely dccidwl whether they rapresent 
coHstul depositu on an eastern or western coast. Tf the boundary 
of tlic true Pacific basin on the south-west be the line stated, it 
seems iiioi« probable that they lepi'esent deixmits along the 
eastern coast of a continent. 

T]]e evidence for the existeitce of Uie gulf, which Neuinayr 
called the Gulf of (Queensland, is not very deftnite. 

The continuerl deposition of freshwater sediments in the 
Hawkesbury basin, indicates a continuance of freshwater condi¬ 
tions in this basin over a long period, and thei'c must have been 
some outlet, as noted above p.98). As far as we know, them 
is no possibility of an outlet to the north, south, or west, and, in 
view of the presence of a foraminiferal and ostracodan fauna in 
the upper portion of the Wianainatta Stage, it seems probable 
that the outlet connected with an arm of the sea, such as the 
Gulf of Queensland. The exact extent of tlie gulf is purely 
conjectural. 

During the time when the Wianainatta Stage in New Soutli 
Wales, and the Ipswich Series in Queensland were being de¬ 
posited, tfee Gulf of Queensland proluibly had its maximum ex¬ 
tension in a northerly dimetion. At this time, there were two 
small basins in which the Wianainatta Beds and the Ipswich 
Series mspectively wei*e deposited. Both these basins may have 
had outlet to the Gulf of Queenslaiid. Text-fig.4 (p. 109) 
iiidicati's a pmbable distribution of land and water at this 
time. 

In Jurassic time, there is no clear evidence to sliow the exist¬ 
ence of the Gulf of Queensland. There are murine Jurassic 
rocks in New Caledonia. In New Zealand, in the south of the 
South Island, there are freshwater and marine strata of Jurassic 
age associated with one another, indicating probably oscillation 
of marine and iluviatile deposition in a coastal region. In the 
North Island, in the Kawhio-Waikato district, there are marine 
Jurassic rocks, and there are also records of fossil plants (Jurassic) 
from the same district. This, again, indicates a probable ooastal 
region. 
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Text-fig. 3. 

Map showing the distribution of land and water iq, the AustraUuiian 
Region in early and middle Trlaeeio time. dikM blaok repreHento 
the present known extent of etmta). 
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Tlie JurHBNic nx;ks of Victoria and TaMinania are freshwater 
deposits, and proluibly extended some distance east of the present 
coast. The Jurassic strata of New South Wales and Queinislaiid 
extend right to the extreme ricu'th of the latter State, and there 
are marine Jurassic strata in New Guinea (Strickland Hiver). 
This seems to indicate that these Jurassic rocks were laid down 
in a large basin, which had some outlet to the north. Another 
point which strengthens this, and is against the existence of the 
Gulf of Queensland during the Jurassic period, is the enormous 
amount of wdiinent represented by the continuous Jumssic strata 
of New Houth W’ales and Queensland. These beds must axerage 
some thousands of feet in thickness over an urea of some hundreds 
of thousand square miles, and must represent denudation of a 
large area. That the drainage to this liasin was limited on tho 
north, west, and south, is easily shown, for, in these directions, 
we know the regions of synehixmous deposition, and the divides 
separating these from the WalUwn Uisin do not allow of a veiy 
extensive area from which the sediments may have been derived. 
There is left, then, only extension to the south-east and east to 
any very large extent, and, if this was the case, there seems little 
possibility of tho existence of tho Gulf of Queensland. 

These considerations have governed the drawing up of Text, 
fig.5 (p.lll) showing the distribution of laud and sea during 
Ju lassie time. 

The Tliumsoti Tixmgh, which lies to the oast of Australia, may 
have been of compamtively luceiit origin. Tlie east coast of 
Australia has been subject to folding since Lower Cretaceous, 
and to considerable faulting during Cainoseoic; and it does not 
seem improbable that the Thomson Trough is a result of these 
movements. Soliuchert* concludes his study of continental 
fracturing and diastrophism in Oceania thus: ‘*To sum up, we 
may say that the bottom of the Pacific Ocean in the region of 
greater Australasia seemingly became more and more mobile 
with the Lower Carboniferous and especially during the Jurassic 
and Cretaceous. During this very long time, the eastern half of 

* Amer. Journ. of Soisnoe, xlii., 1916, p.164. 
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Text-fig. 4. 

Map showing the distribution of land and water in ^e Australasian 
Hegiun during Upper Triassio time (IfKeuper or'Rhvtic). (Solid 
bU^ represents the present known extent of strata). 
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the Australian Continent, a land about 1,800 miles east and 
« west and 2,200 miles north and south, was folded into a series 
of parallel ridges trending north-west and south-east, nearly all 
of which went down more and more beneath the level of the sea 
to a maximum depth of about four miles and an average depth 
of between one and two and a half miles. Small parts of the 
ridges still pnitrude above the ocean (at least New Caledonia), 
but most of wliat we see niv the volcanoes that have built them¬ 
selves up above the folded rocks to the level of the sea.” 

This statement gives a general outline of the geological history 
of this region, but the sti-ess laid on the .luraSKic as a period of 
folding does not appear t(» be justifleri. As far as our present 
knowlixlge goc% the periodK during which folding-forces Imve 
bcicn ellective since the Carboniferous are Permian (Perino-Car- 
bfinifenms), late Cretaceous, and possibly late Caino/oic. The 
Permian strata of New Houth Wales indicaU^ folding with axes 
approximately N. by W.; the Triassie, Jurassic, and Lower Cre¬ 
taceous all show a general stratigraphical conformity, and have 
all been aifectod to the same extent by a folding which was later 
than Ijower Cretaceous and earlier than CaitKissoic, the direction 
of the axes of folding l)eing about N,30'’W.; the Cainozoie rocks 
in the Ipswich District have been subject to a minor folding- 
movement with approximately meridional axes. 

It is also noted that, in New Caledonia, Triassie, Jurassic, and 
CreiaceouB strata are apparently conformable, and have all been 
subject to subsequent overthrusting from the north-east. This 
strengthens the conclusion that the more important folding did 
not take place till after the deposition of the Cretaceous. 

It appears, then, that there were transgressions in Triassie 
time (1) from the east, extending as far west as New Caledonia^ 
and (2) from the south, forming the Qulf of Queensland. During 
Jurassic, the eastern coast remained in much the same position, 
the Oulf of Queensland disappeared or was very much reduced, 
and the sea transgressed in Western Australia parallel to the 
present western coast, and also in New Guinea to the Strickland 
River district; during this time, also, the extent ct the basins, 
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in which fresliwater depomts were laid down» increased enor¬ 
mously. The early Cretaceous period saw very great changes in 
distribution of land and water. The sea transgressetl frcnn the 
north in the region of the Gulf of Carpentaria, at least as far as 
Lake Eyre; Australia appears to have been divider] into two 
parts, either by the extension of this transgression to the south¬ 
west, or bj^ meeting another from the south-west. These suc¬ 
cessive changes are shown on Text-ftgs.S-G. 

' Summary. 

The Lower Mesozoic rocks of Queensland comprise three divi¬ 
sions, namely, the Ipswich, Bundamba, and WalUK)n Series. The 
Ipswich and Bundamba Stories ai'O of comparatively limiter] dis¬ 
tribution, and are confined to the south-eastern portion of the 
State, llie Walloon Series has a much greater extent; in addi¬ 
tion to occurring in South-eastern Queensland, in association with 
the Ipswich and Bundamba Series, it outci*ops in a belt along 
the westeni slope of the Main Divide from the New South Wales 
border to Cape York, dipping westerly beneath the marine Cre¬ 
taceous, It probably underlies the Cretaceous strata over the 
greater part of Western Queensland. In Eastern Queensland, 
there are a number of small, isolated occurrences of the Walloon 
Series, as indicated on Plate i. The thicknesses of the three series 
are approximately as follows: Ipswich Series, 2,000-2,500 feet; 
Bundamba Series, 3,000-6,000 feet; and Walloon Series, up to 
10,000 feet. 

From an economic point of view, the Lower Mesozoic rocks 
are of special importance in three respects, namely, (1) the greater 
part of the coal produced in Queensland is from the coal-measures 
of the Ipswich and Walloon Series, chiefiy the former; (2\ the 
large supplies of artesian water are obtained from sandstones 
which are the equivalents of the Walloon Series in Western 
Queensland; (3) practically all the Queensland saDdstone used 
for building purposes is of Lower Mesozoic age. 

In South-eastern Queensland, the Lower Mesozoic rooks (and 
also the Cretaceous strata) have been folded into a series of anti- 
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Text-fig.tt. 

Map ihowing the ctiatribution of land and water in the Auatralaaian Region 
in Lower CretM^ua time. (Solid black representa the pment known 
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dines and syndines, whose axes are in a general N,30''W.-S.30*'E. 
direction. This folding is sometimes sevens, the strata having 
been fractured, the folding giving plac%to distinct faulting. The 
age of this folding and faulting is Post-Lower Cretaceous and 
Pre-Gainosoic; none of the Cainozoic rocks in Routh-oostem 
(Queensland have been affected by it. 

In the Ipswich district, Mr Cameron has observed a sub¬ 
sequent folding-movement with approximately meridional axes; 
this latter folding has affected the Cainozoic sedimentary and 
volcanic rocks, as well as the Lower Mesozoic rocks. 

In Western Queensland, the Mesozoic rocks have not been 
subject to folding-movements. 

The Bundamba Series is practically devoid of fossils, but both 
the Ipswich and •Walloon Series contain abundant plant-remains; 
there are also numerous fossil insects in the Ipswich Series. 
Examination of the fossil floras indicates clearly that the Ipswich 
Series must be regarded as Triassic in age, and the Walloon 
Series as Jurassio. The exact position of the Ipswich Series in 
the Triassic cannot be definitely fixed at present, but it seems 
certain that it is Upper Triaasio, possibly Khzetic, but probably 
older. The flora of the Walloon Series corresponds, to almost 
equal extents, with Liassic and Lower Oolitic floras. This Series 
probably corresponds to a period covering these two epochs, and 
when the Walloon Series is known in greater detail, it may be 
possible to subdivide it accurately. 

Tbe exact position of the Bundamba Series in the Geological 
Record cannot be fixed, but it is suggested that it is more closely 
associated with the Ipswich Series than with the Walloon Series, 
and, therefore, it is tentatively placed in the Triassic. 

A comparison of the Queensland Lower Mesozoic strata with 
other ooearrenoes in Australia of similar age seems to show, (1) 
that the ITarrabeen and Hawkesbury Sandstone Stages in New 
South Wales are older than the Ipswich Series; (2) thet the 
Wianamatta Stage of the Hawkesbury Series in New Sooth 
Wales, and also possibly part of tbe Lower Mesozoic strata of 
Tasmania are of the same age as the Ipswich Series; and (3) that 
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the following series in the other Statos are of the same age as 
the Walloon Series: the Artesian Series, Clarence Series, and 
Talbragar Beds in New South Wales; the Jurassic strata of the 
South Gippsland, Cape Otway, and Wannou areas of Victoria; 
the Tjeigh’s Creek beds in South Australia; part of the Lower 
Mesozoic strata of Tasmania; and the marine J urassic series in 
Western Australia. 

An account has been given of the probable geological history 
of Eastern Australia between the close of the Palaeozoic era and 
the beginning of the Cretaceous period, and it is evident that the 
Lower Mesozoic rocks are, with a single exception, of freshwater 
origin. Their exact mode of origin is not definitely settled; it 
has been shown that the basins in which they were deposited 
must have had some outlet; deposition may then have been in 
inland lake^basins with a river-outlet, or the deposits may repre* 
sent accumulations under fluviatile conditions. 

The geological history of the area is illustrated by a series of 
pala*ogeographic maps of Australia and the South-western Pacific 
region, representing the probable distribution of land and water 
at different stages in Lower Mesozoic time. 


EXPLANATION OF PLATES I.-II. 

Plate 1. 

Map of Queensland showing the distribution of Lower Mesozoic rooks. 

Plate iL 

-Oeologioal Sketch-Map of South-eastern Queensland sliowlng the 
occupied by the Lower Mesozoic rocks. 
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STUDIES IN AUSTRALIAN NEUROPTERA, 

No. 5. ThB STltUCl'UHK OF THE CVBITCfl IN THE WiNOjB OF THE 
MYRMKLBOStri D .ft. 

By U. J. Tillyard, M.A., D.Sc., P.LS., F.E.S., Linnean 
Macleay Fellow of the Society in Zoology. 

(With three Text-figuren). 

In No.l of this series of Studies,^ I worked out the wing' 
venation of Myrmelwi rmi$eruUwi Oerst., from the pupal wing- 
tracheation, and showed how, in the forewing, the apparently 
simple vein M was in reality a. forked vein, the vein usually con¬ 
sidered to be Cux being in reality the cuhUo^dian^ Cui + and 
the point of incidenoe of M, on to the line of Cui being marked 
by the foot of the oblique vein O. The branch descending from 
the point of bifurcation, which I called the cubital fork 
was, naturally enough, taken to be Cug. It was on the lack of 
specialisation of this branch, that I based my argument for the 
recognition of the tribe Pratopleetrini^ of which the correct name 
should be Creagr^i^ as previously given by Navis. 

In No.4 of this same series of Studies,t when describing the 
wing-venation of the I showed how, in the foro- 

wings of Drepmepteryx and Drepo/fiocta^ an archaic Cug was 
present close to the base, and that, in addition to this, Cui was 
strongly branched at a sharp angle, much further distad, into 
two veins which I called Guj. and Ca,b In the allied genus 
Ihepa/nmiinOi the archaic Cu, is lost, and replaced by a furrow. 
In the majority of the smaller Urnn/erobiido^y even the furrow has 
disappeared. Thus, in the most highly specialised forms of the 
family HmMtohiidfBy all traces of the original Cu, are lost, and 

* These PPOoeedingsT xh, Pt.4. pp.734-7fil. PI Iviil 
tOp. ciV., im, xli., Pt.2, pp.26e-3d2, PU. zii.-xix. 
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there is left only the distal secondary forking i>f Cu| into Cu,. and 
Cuii 4 the point of bifurcation being properly termed ihvi tipco^tdary 
cubiUU fork 

Now the resemblance between the condition of the cubitus in 
the fore wings of these smaller specialised Hemmihiidmy and in 
the forewings of the Afy^*mnlpo>iitid(fiy is too striking to be ignored. 
It suggested to me at once that the veins which I had named 
Cui and Cu« in the MyrmHeontidm were in ideality only Cuu and 
Cujt, respectively, and that, if the tme Cu still existed, it must 
he sought for near the extreme base of the wing. I therefore 
examined a considerable number of Myrmehmitida^y and found 
that, in many cases, there could be detected, close to the base of 
the wing, a semi-opaque connecting-vein, not unlike an oblique 
vein, (though not so well defined) running across from Cu, to 1 A. 
This appeared to me to be the remains of CUf. With a view to 
proving this point, T decided to examine the pupal truclieation 
of some of the older MyrmdeonticUey belonging to tbo subfamily 
Pendroieonivntey in the imagines of which this supposed remnant 
of Cuy appeared to be much more evident than in the genus 
Myrmdmi itself. 

Most of the larvie of the do not make pit-falls, 

but must be sought for either in loose sand, or in rubble or debris 
collected at the bases of laige trees. During the winter of 1916, 
larvtt of several genera of this type were collected around Sydney. 
A number of these spun up in the following September. At the 
end of a fortnight, three likely-looking cocoons were opened, but 
were found still to contain larvsa. They were then placed under 
close observation until pupation took place. The first pupa ex¬ 
amined proved to be veiy recently formed; so that, although a 
good dissection of the forewing was obtained, the structure was 
so exceedingly delicate that all the air passed out of the tracheae 
before either a photomicrograph or a oamera-lucida drawing could 
be obtained. With the second dissection, 1 decided to take no 
risks, but removed it at once to the mioroscope-stage, and made 
a camera-luoida drawing of it. Both the pupal tracheation and 
the imaginal venation showed up very clearly, and tb4 result was 
% 
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a complete sucoem, which is here reproduced in Toxt-hg.l. As 
the venation was complete» and even the delicate pigmentation of 
the imaginal wing could be noted, I was easily able to determine 
this wing as belonging to the rather rare insect XwtUhdeAm 
Mmsi Tillyard,—a result as fortunate as it was unexpected, since 
XanUioUim is certainly one of the most archaic of our Australian 
Myrmdeontida, 

The result of this examination can be gathered by comparing 
Text-figs. 1 and 2. It will be seen that it not only bears out in 
full my suspicions concerning the real position of Cu,, but shows 
also a further unexpected point of interest. For the trachea 
Cuy is not a weak remnant descending to 1 A, as the examination 
of the imaginal venation had led me to suspect, but is a strong 
trachea which haa captured the Hue of lA^ in the same manner 
that M| has captured the line of Cui«. Tn both cases, it is the 
upper trachea that prevails, the lower that goes under. In both 
cases, the crossing of the upper trachea on to the level of the 
lower is marked, in the imaginal venation, by an obliq%is 
which represents, of course, the actual basal piece of the upper 
vein in question. We must therefore distinguish in futui-e 
between the median oUvque vein (Om) and the cnbifai oblique 
tmn (Oc). This latter is very clearly marked in Xantholeon 
(Textrfig.2), also in QlendeoUy Acanthaclicia^ and other genera; 
but it cannot be satisfactorily made out in our Australian species 
of the genua Myrmdean^ which aie more highly specialised. 

The process by which and Cug have attained their present 
positions may be described as a process of ^Hrachea-capture." 
The two trachee run at first more or less parallel. As the wing 
becomes narrower, they come to lie side by side. The oxygen- 
supply conveyed hy both is now no longer fully needed; so that, 
in course of time, the weaker (in this case the lower) trachea 
becomes aborted, being reduced to a remnant impinging upon 
the strong upper trachea from below. In the resulting imaginal 
wlng^venation, however, where the determining factor is not 
oxygen^supply, but the wing-stresses brought about during for¬ 
ward flight, the vein formed along the course of the lower trachea 
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continues the line of the stronger upper trachea beyond the point 
where the partially aborted lower trachea ceases to exist, and 
must, therefore, be regarded as a composite vein, whose double 
origin is now only indicated by the oblique vein placed above it. 
Thus, in the case under consideration, we have two composite 
veins formed, vis,, the mMio-median^ Cu,^^+M» (whose structure 
I worked out in No.l of this series of Studies), and the ctihiio-anal^ 

1A + Cu^ whose existence 
has not been before sus¬ 
pected. The oblique vein 
indicating the presence of 
the former is Om, that in¬ 
dicating the presence of 
the latter is Oc. The com¬ 
plete, correct, amended 
notation for the forewing 
of Ximikdetm helmsi Till- 
yard, is given in Text-fig. 
2. In Toxt-fig.3,1 ofhv 
a phylogenetic series of 
stages to show the evolu¬ 
tion of the fifyrmeleontid 
type from the original archaic formation of these veins, as still 
preserved for us in the archaic HemtrobiidoR^ Drepa/iiepUT^ and 
/Treponoms. 

* Phylogenetio series illustrating the evolution of the oubitus in the 
wings of HmerMidm and MyrmdeontidcB ^—Series a, A, c, three stages 
leading to the rednoed Hemerobiid type, also to the type found in Aifid- 
wmys of Nffmphidm and MyrmdttmiitUBn With a, oomiNtre forewing of 
Drtpaneptet'yxi with h, compare htndwing of DrepaiupUryxi with e, com¬ 
pare wings of Dr^panomina. The final stage, in which the furrow / is 
completely eliminated, is not shown in this figure,-^^ries a, 6, d, three 
stages leading to the formation of the oubito-anal vein in the fortwiny of 
the MyrmeleoiUida, by fusion of the veins lA and CTut* In d, the basal 
part of Cut is indicated by the cubital oblique vein Oo. 

Lettering as on p.U8, and, in addition, b, the point destined to become 
m/', and «, the sector of 0U| destined to become Ouib. 
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In Textrfig.2, c, I have Agufed the of tho hindwing of 
Ximtholntm hdmui Tillyard, in order to conti'aHt the nimplified 
condition of thiti wing with the complicated condition of the fore- 
wing discuHHed aliovc. Since the AfyrmeleonHchp are admittedly 
derived from Nyinphid-Iike ancestors; and since, in the Nymjihid^ 
themselves, both the media and the cubitus of the hitkiwing are 
already simple, unbranched veins, it must follow that this con. 
dition is to be found in their derivatives, the MyrmelmntidfB* It 
should, however, be noted that there are signs of specialisation 
even in the hindwing, in that the vein 1A approaches basally 
very close to Cu, very nearly fusing with it; while He and H are 
completely fused together throughout the basal portion of the 
wing. 

We have now to consider whether our new discoveries on the 
structure of tho cubitus require us to make any revision in the 
present classification of the MyrnnHmntiihf*. Esben-Petersen, in 
Part iii. of his ‘‘Austmlian Neuroptera,”^ has named the area 
between Cu^+M,, Cui„, and the hindmargin of tho wing, the 
interciAital arm^ and has pointed out that a Banksian Line is 
sometimes developed in this space; such a line, he calls the inter- 
cuibUal line. With this I am in agreement. Now the develop¬ 
ment of an intercubital line is evidence of high specialisation in 
this afea* Therefore, those genera in which it occurs, if they 
have hitherto been regarded as primitive, must have their posi¬ 
tion reconsidered. In the tribe Vreagriuij this intercubital lino 
is beautifully developed, and is correlated with a condition of 
parallelism between Cu,. 4* Mg and Cuib. It was natural, so long 
as this latter vein was taken to be Cut,, that this condition of 
parallelism should bo considered primitive. But the archaic 
condition existing for Oui^ is not one of parallelism to Ou,. + Mt, 
but rather, as may bo seen in Xcmtholeon^ one of strong diver, 
gence from it, Ou,,, running obliquely to the margin, and parallel 
to the numerous branches descending from Cu,. + Mg. Xantko- 
leon^ Oymrwonemia^ Periolyetnef and other geneta show this 

• These Frooe^n^, 1917, riri.7Pt. 1, pp.203.219, K. mv. (Pl.'xvfl^. 
1, ProiapUeiron etriatdlam Eib.-Pet.). 




122 


8 rUDlR 8 m AUBTRAMAir KEUROPTBRA, V. 


primitive condition well. Fmm thin primitive state, two lines of 
development may follow:— 

(1) Cu,b may become fixed in its divergent position, and the 

intercubital line may be developed in the usual manner between 
the descending biunches of Cuu + M^. Various stages in tins 
pi*ocesH may be studied within the genus while the com¬ 

plete formation may be seen in AimUhaclisis and Myrmd^m, 

(2) CU]b may become straightened out parallel to Cu|« + 1V4, the 
intercubital line becoming developed between them, and parallel 
to both. The beginning of this line of evolution is evident in 
the forewing of Protopltctron Htriatellum £sb.-Pet., which is, 
therefore, fairly primitive. In P. ^wnuntum Gerst., the forma¬ 
tion is practically completed; while in Creagru jdArniimm 01., 
(PalsBarctic) the development of the three parallel veins, with all 
connecting structures reduced to simple series of cross-veins, 
roaches the highest possible stage of evolution along this line. 

It would appear, therefore, that my estimate of the tribe 
Creagrvtii^ as the most primitive of the DmidrolMytUi'im^ is not 
correct. They form, rather, a separate side-line of development 
away from the main stem, culminating in a very highly specialised 
genus, vis., iJrmgria, It should be noted, in this connection, 
that the larva of (Jreagru is the only one amongst the Dmvito- 
lemitinm that is known to make pit-falls. It will now be of 
special interest to find out whether the larva? of Prvtoplecirm do 
likewise. 
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ON THE AFFINITIES OF TWO INTERESTING FOSSIL 
INSECTS FROM THE UPPER CARBONIFEROUS 
OF COMMENTRY, FRANCE. 

Bv R J. Tillyakd, M.A., D.Sc., F.L.S., F.ES., Lihnkan 
Macleat Fkm.ow of the Society in Zoology. 

(With three Text-Agures). 

In May, 1917, Mr. Herbert Bolton, M.Sc., F.R.S.E., F.G.S., 
Director of the Bristol Museum, England, published an interest¬ 
ing paper upon the “Mark Stirrup*’ Collection of Fossil Insects 
from the Coal-Measures of Commentry (Allier), Central France.^ 
As is well known, these insect-beds are of Upper Carboniferous 
Age, and have yielded a very large number of fossils, most of 
which have been described by Brongniart and Meunier. The 
chief characteristics of the assemblage may be shortly summed 
up in the statement that they appear to have been at a stage 
when the separate Orders known to us to^ay were only beginning 
to be foreshadowed, nearly all the specimens found being of large 
sise, with dense wing venation, and primitive structure of head, 
thorax, and abdomen. The dominant group was the Blattoidea, 
No undoubted Holometabolous Insects are known to exist from 
these beds, nor were any such known from any Palaeozoic rocks, 
until *the discovery of Permochoriata^ a genus of undoubted 
Meooptera, in the Permian Coal-Measures of Newcastle, N.S.W.t 

Eight species are represented in the “Mark Stirrup” Collec¬ 
tion. Five of these are Blattoids, and one is a Paleaodictyopteron. 
The other two are of very great interest, and their affinities are 
certainly problematical enough to require very careful investiga¬ 
tion before they can be settled with anything approaching finality, 

* Mem. Proo. Manchester Lit. Phil. Soo., 1016-17, Vol«61, Ptl, No.2, 
pp.l-a2, Pis. i..v., [May, 1017]. 

f These Proceedings, 1017. 
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I refer to MugagvutJut odon^t^mmu Bolton, and Sye(^mnb 
Byf^metrioa Bolton. Bolton places the former in the family 
Perlidcp (by which the author evidently means the Order Perlaria, 
and not the family PArlidff^ fl.str.); though, in a note added to 
this deteiTninstion, he states that Dr. A. D. Itnms suggests that 
the specimen “may possibly come nearer to the iSurfirfrr,” by 
which, I take it, he means the Order Mf^loptera, rather than 
the actual family Sitdidoi B.str. As for Syoopii’iroth^ this is 
assigned to the “family Patiarjfidfef** for which, again, we are 
evidently intended to read the “Order Mecoptera,” since the 
author compares it with OrthofMabia of the Lias. Tf this placing 
be correct, then we have a Holometabolous insect present in the 
Upper Carboniferous --an occurrence which is, of course, not im¬ 
possible, but is certainly improbable, in view of our present 
knowledge of the Phylogeny of the Insecta. 

I have, of course, no opportunity of examining the specimens 
themselves; but Mr. Bolton has given us such excellent photo¬ 
graphic reproductions and drawings of the fossils in bis paper, 
that one would certainly scsraely desire anything better. As 
the determination of the affinities of these two fossils is a matter 
of prime importance to students of Insect Phylogeny, and as I 
have already informed Mr. Bolton by letter of the views that I 
shall here express, T piopose now to state my reasons why these 
two insectB cannot be accepted as belonging to the Orders to 
which Mr. Bolton would assign them, and to indicate also to 
what known Orders they may, with more probability, be con¬ 
sidered to belong. 

a 

Mroaokatha ODOMATiroRiiiB Bolton. (Text-fiff.!). 

Bolton, op. ett., pp.2-6, PL L, figa.1-4. 

From the photograph given by Bolton in PL i, flg.l, and from 
the driAwing in Fig.3, it i« evident* as Bolton himsdf admits, 
that any reconstruction of the wiag-venatioif of this fomil must 
be largely a riwtter of conjecture. We should, therefor^ attempt 
t«> find other oharaoters that may lead to a solution. The figures 
show that:— 

(1) The wings were either absolutely, or approximately, equal 
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in size, and of similar sliape; pi'oliably, therefoits, the venations 
of fore* and hindwings weie the same. 

(2) The insect had a small, elongated head and prothorax. 

(8) Tlie head carried a pair of straight, slender, and fairly long 
antennic, and also a pair of shorter, but very prominent, some¬ 
what curved, slender appendages, which flolton considers, with 
some doubt, to have been the mandibles. 

(4) The three pairs of legs were well developed, and placed 
far apart from one another. 

(5) The abdomen was also iiuxlerately short, and probably 
carried two very short ceixsi. 

In the Ferlaria, the head and prothorax ai'e neither narrow 
nor elongated, but are always mure or less flattened down dorso* 
vehtrally, mora or less widened; and the prothorax is never far 
removed fi*oin the pterothorax. Tlie antennfe are very long, and 
the 061*01 also, in all the most archaic forms; genera in which the 
eerci are shortened are demonstrably descended from forms which 
had longer cerci. Further, fore- and hindwing are never equal 
in size, or of similar shape; and forms in which there is an ap- 
-proxiraation to equality are demonstrably derived fnnn forms in 
which there has been greater ine<]uality. Nor are the venations 
of fore- and hiudwing ever the same, but differ fundamentally, 
as a study of the nyinphal tracheation of the two wings clearly 
proves. Finally, the Ferlaria have mostly reduced, weak, nun- 
projecting mandibles; and it is demonstrable that these organs 
' were never, within the limits of this Onler, slender and pivject- 
ing, as seen in Megcig^iatha. 

Even if it were to be admitted that the restored venation in 
Bolton’s Fig.4 were correct, T fail to see in it any true Ferlariau 
characters. It much more resembles the venation of an archaic 
Termite forewing, such as 

I conclude, therefore, that no affinity between and 

the Order Ferlaria can be shown to exist. 

The only possible claim to affinity with the Order Megaloptera 
rests upon the projecting mandibles, since these structures also 
project strongly in the archaic C*oty(b/t«s and allies. But the 
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tnandiblen of thetie latter innectH are much more Htrongly built, 
aiul are attached to a broad and masaive head that is as unlike 
that of Afegag^uUha as it well could be. We may well ask, are 
theae ^^mandibular-like structures** mandiblea? Is it not much 
more likely that they are the maxillary palpi, whose joints, like 
those of the anteiinie, have become obscured in the fossil? They 
are too slender to have been of any use for biting; and sucking 
mandibles, such as we And in the Ant-lion, do not occur, as far 
as we know, in any imaginal form whatever; nor are even such 
sucking mandibles ever so slender as in this fossil. 



Tsvt-fig.!. 

Mtyagnalha odofia<(/brmM Bolton; (x42). Upper Carboniferous of Com- 
mentry. From Bolton’s PI. 1., flg.2. The short oerous on the left 
side of the figure is not shown in Bolton’s figure, but is visible in his 
fig.1 (photograph). 

T am, therefore^ forced again to conclude that no real affinity 
can ipe demonstrated between this fossil and the Megaloptera. 
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What, then, are the RKiet likely aihmtieB of thin peculiar fo88iIl 
T should answer that it shows a very remarkable resemblance to 
the very ancient and mysterious Order Embioptera, about which, 
unfortunately, we know veiy little. Tn Text-fig.l, 1 reproduce 
Bolton’s figure of Megagiuitha^ and place opposite to it, in 
Text'fig.2, a drawing of an Embid {Oligotoma sp,, undetermined) 
which 1 happen tc» have in my collection. Tt must be at once 
admitted that the resemblance is a very striking one. The form 
of the head, prothorax, and legs, the great separation of the 
latter, and the equality of the wings, ai*e characters that separate 





Textag.2. 

OligoUma ap.,(undetermined) in OolL Tillyard; (x 7i). Recent 
Brisbane, Queenaiand. 

out the Embioptera very distinctly from all other groups. All 
these chaiacters ai*e possessed by Further, the 

Embioptera possess elongated maxillaiy palpi, which, in the 
porition of rest, lie projecting in front of tiie head, much in the 
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tnanuer that theHe supposed mandibles of yf^jtuptjadui do in the 
actual fossil. The only two discordant character are the much 
tnoiv complex venation of the fossil^ and the closeness of its wings 
at their bases. The latter may be easily explained as having 
been due to unequal crushing of the thorax; probably the wings 
wera actually well separated at their bases, as the structure of 
tile thorax, and the position of the legs, undoubtedly suggest. 
As for the venation, it is quite evident that recent Embioptera, 
like most recent Termites, possess a very i*educed venation, con¬ 
taining only very little of the original elements. We see, in 
how complex was the venation originally possessed 
by the Termites. In the Embioptera, the analogue of Mnsto- 
lermea no lunger exists; or, at any rate, it has not yet been dis¬ 
covered. But I have seen a species from Australia (of which, 
unfortunately, 1 have no notes or figures) with a venation oon- 
sidetably more complex than that of Oltyotomu, All students of 
the Embioptera agree that they represent the last remnants of 
a jiecuUar group of great antiquity; but, so far, their fossil history 
has been almost completely missing.'*^ 

Mwjiuj^iatha is larger than OligoUm\a\ but this is what we 
should expect, if the two are really related. For Oligotimia is 
clearly a reduced form, as its venation proves. 

1 would suggest, therefore, that Megagm^kti odonati/imniB is 
in reality an ancient representative of the Embioptera, and 
should be placed within that Order, as the sole known type of a 
new family, the differing from all known members 

of the Order by its greater size and more complex venation, as 
well as, probably, by the sliorter comparative distance between 
the bases of the fore- and hindwings. 

As the identification of tbe “mandibular-like” structures as 
true mandibles is, at tbe best, very doubtful, and as not a single 
Odonate chaeacter is possessed by this fossil, it is much to be 
regretted that its author should have chosen a generic name 

* Two doftbtful reeords from West African Oopal cmui soaroely be 
regarded as iiKire than snbfossil, and add nothing to our knowledge of the 
group* Aeingleepedes from Baltic Amber belongs to the genus OUgotoma- 
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baaed upon the former character, and an entirely misleading 
Rpeciflc name, neither of which can be altered. 

Sycopteron RYMMKTRtcuM Bolton. (Text-fig.3,6, c). 

Sycopteron ayrnm^^tnea Bolton, t»p, ct/., pp.6-8, PI. ii., figs. 1-2. 

If this fossil csould be proved to be Mccopterous, it would bo 
one of the most striking discoveries in Pala^oentomology. For 
that reason alone, wo are all the more bound to examine the 
evidences of its supposed Mecopterous aitinitios as carefully as 
possible. 

Text-fig.3, 6, r, are portions of Holton’s PI. ii., fig.2, which, as 
far as I can see by comparison with the photograph in his ftg.l, 
is accurate in all except a possible minor detail or two. The first 
thing that strikes one, on examining this fossil, is the way that 
its wings are folded down the back of its abdomen. If this were 
the natural position of n^st, it would be that of a Dipteron or a 
Hymenopteron; yet both these Oitlers are excluded from the 
question, for reasc)ns that must be sufficiently obvious without 
stating them. We have, then, to conclude, either that Sycopteron 
belonged to some extinct Order, which folded its wings in this 
position (a highly impi'obable theory), or that it belonged to some 
Order in which the wings were held rooMike over the abdomen; 
in which case, the flattening down of the wings in the fossil 
may well have caused some underfolding of either the costal or 
the posterior border of the wings, or both. 

Bolton claims for his insect a Panorpoid venation, stating that 
its nearest approach is to be found in OrtKuphlebia of the Lias. 
When, however, he goes into detail, it is quite clear that he is 
unable to homologise the separate veins of Sycopteron with thoee 
of Orthcphlebia^ without getting into veiy serious difficulties. In 
order to show this, I give in Text-flg.3, a, 6, the venation of 
Sgoopieran^ (&), as interpreted by Bolton, and the venation of 
PermoAoritta^ ^a), which is the oldest fossil Meoopteron known, 
and the venation of which closely resembles that of Orthophlebia, 
It will be seen at once that the type of venation present in the 
MeoopteEa (and there is no Order'in which the venation is more 
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oonatant in character, differing little right through from the 
Pemoian to recent times) is radically different from that of 



a, Forewing of milcW/t Tillyard. (reitoration, with all 

the oroM-veini omitted); (4^4). Permian of Neweaatle, K.S. W. A, Fore¬ 
wing of StfcopUnj/fi itynurntricum Bolton, with hie naming of the veins; 
(X 7 j). Upper Oarboniferoos of CSommentry. From Bolton’s PL ii., fig.2. 
c. Head and thorax of same, from the author’s same figure; (x7{). d, 
Forewing of Aniphieniomum paradoxatfii Br.; (x lA). Oligooene, Baltic 
Amber, From Enderlein. In b, the dotted vein x indicates the probable 
position of the basal pieoe of Rs, not shown in Bolton’s fig.2; but ap|ia- 
reotljr slightly indioat^ in his flg. 1 (photograph). 

ii^poqpteron,^thi8 latter being of a much simpler type^ which does 
not occur in the Order Meooptera at all. The reaemUance ia 
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due only to the method of branching dichotomously, and the 
absence of clearly-marked ero8MveinH,<—characters which are by 
no means confined to the Mecoptera. 

I would suggest that the true costa of this insect has become 
folded under in the fossil, and is not clearly visible. Bolton 
says, “The costal margin seems to have been extremely delicate, 
and to have left very faint traces of its position.” This might 
well be true of the subcosta, which is frequently a weak vein. 
In the Mecoptera, the costa is strongly formed, but there are 
other insects in which it is not so. This suggestion receives 
support from the fact that, if the front vein preserved in this 
fossil is I'eally the costa, then Sc, B, and M all come ofi* from a 
common stem, in a manner that cannot be paralleled except in 
the Homoptera, and certainly never occurs in the Mecoptera. 

Whether we allow that the costa was underfolded or not, the 
following dilemma has to be faced:— 

(1) If the fossil is Mecopterous, then the naming of the veins 
by Bolton is incorrect. The five-branched vein which he has 
distributed between R and Rs is certainly the media; and we 
are then driven to suppose that all the rest of the venation, 
oostad of this, has been underfolded, except a portion of Bs, which 
would be Bolton’s So. 

(2) It Bolton’s naming of the veins is correct [or even if the 
large extent of underfolding suggested in (1) cannot be admitted], 
the fossil is neither Mecopterous, nor in any way related to the 
Mecoptera, since the typical So, R, and Bs of that Order—the 
latter alone of which is never less than four-branched*—are all 
absent 

From ibis dilemma, there is only one escape, viz., to admit at 
once that the Mecopterous affinities, much as we must regret it, 
cannot be proved, and to seek for some more likely solution of 
the problem. 

In Text-flg.S, I show the venation of the forewing of the 
very archaic insect Am^ienioniMm paradoasum Br., from Baltic 

* Bxospting In tlie highly reduced, recent iVannoeWMder, where it i« 
three-biRnoihed. 
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Amber. This insect belongs to the Order Psoooptera or Oopeo- 
gnatho, an Order which is not Holometabolous, but which pos* 
Hesses a reduced venation very closely resembling that of certain 
Holometabolous Orders, in particular the Hymenoptera. Nearly 
all recent Psocoptera have a much more specialised venation than 
Amphimtmfium) but cIohp relatives of the latter still exist in the 
peculiar genera and as well as the 

genus itself, which has recently l)oeii rediscovered 

in Ceylon., 

It will be seen that the correspondence between the wing-veins 
of Sycopt^ron and Amphimt(m%im is exci^edingly close; in fact, 
they can be completely homologised, pi'ovided only that Syca^>t- 
«ron possesses the short basal piece of Rs which w absent from 
Bolton's figure. A close examination of the photograph of 
Sycopterony in Bolton's PI. ii., fig.l, suggests to me that this piece 
actually does exist; at any rate, it seems to be clearly indicated 
on the left wing. The fossil should certainly be further examined 
to determine this point. 

In AmjAv^tonmm^ the subcosta is a very weak vein, merging 
into the costa before halfway. The radius is a strong vein, forked 
distally, and giving ofiT its sector far distally, at a point only just 
before its fork. Rs itself is forked, as in iiycupteron (the vein 
Bolton calls R). Further, M is three-branohed in AinphienUmum, 
in the same manner as in Sycoptmm (the vein Bolton calls Rs). 
In Afi^ientomumt the cubitus is forked far distad, and is 
attached to the stem of M at a point quite one-third of the wing- 
length from the base; in ^ycopteron, the attachment and forking 
lie both much further hasad. So also the anal veins in AmjAu 
eniomim are less primitive than in Syctipteron^ being shorter and 
less straight. 

Now An^ientomim is evidently specialised in the following 
points;— 

(1) The shortening of Sc. 

(2) The removal of the origin of Ra far distad, and consequent 
shortening of that vein. 

(3) The close onion basolly between M and Cu. 
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(4) The removal of the cubital fork far distad. 

(5) The shortening and curvature of the anal veins. 

If, then, ancestors of this insect exisUnl in Palieozoio strata, 
we should expect them to exhibit a generalised condition in these 
five characters. This is exactly what Sycopte^'nn does exhibit. 
Without stating positively that Sycoptfron lies in the ancestral 
line of Amphimiomum, yet we can affirm that, as far as its vena¬ 
tion is concerned, the two are certainly closely allied, and 
Sycttpti^nm in tha older fypt‘. 

Let us now examine the rest of the fossil for clues as to its 
afKnities. The first peculiarity to lie noted is the huge boss-like 
areas upon the back of the head (Text-fig. 3, c). If these be com¬ 
pound eyes, then Syciyi>teron is certainly neither a Mecopterous 
nor a Psooopterous insect; but, as Holton mentions no facets on 
theseT areas, we may confidently take it that they are not. They 
must, therefore, bo epicranial or occipital swellings. Now the 
head of Sycopleron is much too prominently developed to agree 
with the Mecopterous type. But almost all the Psocoptera have 
a comparatively large head, with pnnninent development of the 
posterior portion of the epicraniuni. If such a head were to 
crushed somewhat in becoming fossilised, its appearance would 
certainly closely resemble that of Sycopiertm, The small eyes 
would probably be completely covered by the flattened epicranium. 

The structure of the thorax in Sycopteron is certainly primitive, 
and might indicate equally well affinities with several Orders, 
including both Psocoptera and Mecoptera (Text-fig. 3, c). 

Again, in the Psocoptera, the hindwing is always small and 
weakly chitinised. Hence, in insects of this Order which might 
become fossilised with their wings flattened down over the abdo¬ 
men, no sign of the hindwing or of its venation would appear. 
The Meooptera, on the other hand, liave, of all the insects, except 
the Odonata and Planipennia, the must strongly chitinised hind- 
wings, of a siee almost equal to the forewings, and with a strongly 
marked and closely similar venation. Hence, if a Meoopteron 
became fossilised in the position we are supposing, it seems 
inevitable that traces of the hindwings and of their main veins 
10 
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must be present. But Bolton mentions nothing of this sort, and 
the photograph in his PI. ii., fig.l, certainly shows nothing that 
could be so interpreted. The probability, then, of this fossil 
having belonged to the Mocoptera, is very much diminished upon 
this count alone 

Taking ail the evidence into consideration, it seems legitimate 
to conclude that Syeopt&ran is most certainly not a member of 
the Order Mecoptera, but that it is very likely an archaic type 
of the Order Psocoptera, ivlated to AmphimUmnm of tlie Oligo* 
cone, but considerably Ichh specialised, in that it lacks all five of 
the venational specialisations possessed by this genus. It should 
certainly be placed in a new family SycopieridcBy having the 
charsfcters ah*eady mentioned. It should be noticed that the 
size of this insect (wings 9-10 mm.) agrees very well with its 
inclusion in the Order Psocoptera, all the known members of 
which are small, ranging from a wingdength of only 10 mm., at 
most, down to very minute and wingless recent forms. 
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OllDINARY MONTHLY MEETING* 

April 24th, 1918. 

Profewwii* H. Q. Chapman, M.D*, H.S., President, in the Chair. 

Mr. Clyde Douolas Gillies, M.Sc., University of Queensland, 
Brisbane, and Dr. Henry Priestley, University of Syd¬ 
ney, were elected Ordinary Members of the Society. 

The President announced that the Council had elected Messrs. 
C. Hbdley, P.L.8,, W. W. Frocioatt, P.L.S., W. 8, Dun, and 
A. G. Hamilton to be Vice-Presidents; and Mr. J. H. Campbell 
[Royal Mint, Macquarie Street] to be Honorary Treasurer—for 
the current Session, 1918-19. 

On the motion of Dr. Oleland, it was resolved: that the con¬ 
gratulations of Members be tendered to Dr. 8. J. Johnston, B. A., 
on his appointment to the Chair of Zoology in the University of 
Sydney. 

The President ofiered the oongratulations of Membeia to Dr. 
R. J. Tillyard and Dr. A. B. Walkoin (in tibueniid) on their 
attaining the Doctorate of Science. 

The Donations and Exchanges received since the previous 
Monthly Meeting (27th March, 1918), amounting to 61 Parts or 
Nos,, 7 Bulletins, 2 Reports, and 6 Pamphlets, received from 30 
Societies, etc., were laid upon the table. 
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THE ORIGIN OF YOLK IN THE OVA OF AN 
ENDOPARABJTIC COPEPOD. 

Hv H. Lkiohton Kebtrvkn, D.Sc., M.B., Ch.M. 

(Plate iii.)* 

In January, 1905, Profeaaor J. P. Hill presented me with 
niatetial for tlie study of the morphology and development of an 
endoparasitic copepod infesting Ptyehodfrn Hill. 

Tile parasite was found to be new, and was subBe 4 Uontly descnbed 
under the name of Ubuts hUli Kestv., in 1913(S). The following 
observations were made on the developing, ultimate obgonium, 
and primaty oocyte at the time ( 7 . hUli was studied (1908), and 
weiie submitted to Pi*uf. Hill for criticism. At his suggestion, 
this paper was withheld fitmi publication because, at that time, 
the material on which tlie obsei'vations wore made was all stained 
in one way. Hiiice then, 1 have obtained fresh material, which 
was fixed in (a) 5% formaldehyde in seawater; and (6) Muller's 
bichromate-solution. Speoimeins after cutting, were stained with 
(1) Delafield's hematoxylin, (2) in Heidenbain's hematoxyliu, 
(3) Mayer's carm-alum, (4) Flemming’s method for karyokinetic 
figures. 

This staining was done over three years ago, but press of 
other work has, till now, prevenoed me from examining the 
I'esults. Recently, I have found time to go over these sections, 
and I find ttial T liave nothing to add to the original paper. I 
am satisfied, that the observations recorded truly represent pro¬ 
cesses taking place in the developing cell, and are not artifaete^ for 
I find the cells to present these appearances, not only in difihrent 
specitnens similarly stained, hut also in the same and in different 
spiBcimens dissimilarly stained. Were 1 situated in a city near 
a ^brary, I doubt not I would find many reasons for altering 
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that portion of the following paper which deals with the litera¬ 
ture* This paper was written in 1908, and since then I have 
had no opportunity of keeping abreast of the cognate current 
literature, and, at present, I am beyond the reach of a library. 
I believe, howevei> that even though this contribution is thus 
nine years old at date of printing, it is desemng of publication. 

The ovarian epithelium in the young female is composed of 
fairly regular, cubical oogonia.'*^ Tiie continued division of these 
gives rise to the mass of ultimate oogonia which fills nut only 
the lumen of the ovary, but also the anterior portion of that of 
the (»viduct. It is while lying free in the lumen, in this iriass, 
that the ultimate oogonium advances so far towaids maturity, 
that it may thei’eafter 1x3 regarded as the primary oocyte. 

When first shod inU» the lumen of the gland, the ultimate 
(X)gonium is a small, rounded, hyaline cell. Its comparatively 
Isrge nucleus may contain only one karyosonie, or it may contain 
two, thiTe, or four of approximately equal size. The size of the 
nucleus is defined by the nuclear membrane alone; that is to say, 
tlie tiucleoplasin is hyaline, and takes no stain, nor is it differen¬ 
tiated from the cytoplasm by the presence of a discernible chro- 
inatin-reticuluni (Fig.1). In those cases where there is only one 
karyosonie, 1 am unable to find that this o7^s differs from the three 
or four in other cases, nor among these is there any difference 
inter se. 

The cell now enlarges.' The nucleus, increasing in size at a 
giwter rate than the cell, comes ultimately to fill nearly the 
whole cell 

When this process has i^eacbed the stage depicted in Fig.2, a 
chromatin-i'eticttlum is well established, and the kai^osomes have 
increased in number. In sliort, the period is characterised by an 
increase of chromatin. 

As soon as this inoi^ease has reached ^ts maximum, the roticulum 
becomes broken down, till, as depicted in Fig.3, in place of a 
network, there is present a great number of fine granules of 

*Tlie desoriptlon is of material stained with hematoxyUn without any 
oonnter stain. 
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chromatin, and the karyoBomefl lie fi*ee in the nucleoplasm. The 
period is characterised by the disintegration of the chromatin* 
i^ticuhim formed during the last period. 

The fine granules of diroraatiii next begin to increase in size, 
and lose in depth of staining, until, instead of being opaque 
black points, they become semi-translucent, purple spheiniles. The 
kaiyosomes meanwhile remain unchanged (Fig.4). This pheno¬ 
menon, I regard as the formation of the first yolk-granules. 
During succeeding stages, they continue to iueitiase in size. 

The karyosomes very soon exhibit signs of activity. Each of 
them, fitim a solid sphere of chromatin, becomes converted into 
a small, spongiform mass (Fig.5), probably due to the formation 
of vacuoles within them. What this activity, which characterises 
the period, means, I am quite unable to say, but I do not think 
that it can affect the deductions made later. 

Meanwhile, the nucleus has so increased in size, that it is now 
surrounded by a mere envelope of cytoplasm, the presence of 
the nuclear membrane being evidenced more by the definite out¬ 
line of the nucleus, than by the actual visibility of the membrane. 

The next period is characterised by the formation of a new 
and much, smaller nucleus within the old. This takes place in 
tlu'ce steps. 

Around one, or it may be two or three, coalescent, spongiform 
kaiyosutiies, there becomes recognisable an area of plasm devoid 
of the spherules, which are scattered plentifully throughout the 
rest of the nucleus, and this aitia of plasm takes a faint purple 
stain (Fig.6). 

This purple-staining globule of plasm, with its contained kaiyo- 
sonie or karyosomes, by this time quite coalesced, is next enclosed 
in a distinct*kn^biune (Fig.7). 

The kaiyosome once more assumes a solid spherical form, the 
surrounding plasm still staining purple. 

This area henceforward constitutes the nucleus of the cell; it 
is shown in Fig.8, which is a section of a mature, primary oOoyte. 

Meanwhile the remaining karyosomes, scattered throughout the 
old nuclear area, have also shrunken to their previous siie and 
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Bhape, and a^ain become solid; during this time, none of them 
were surrounded by a clear area of plasm staininpr purple. 

The old nuclear membrane is apparently still present, in some 
cases, until a much later ^leriod; but, in others, it seems to have 
broken down at the time when the new nucleus first develops its 
membrane. 

Up to this time, the ultimate oogonium has lain free in the 
lumen of the gland or oviduct; it now becomejt attached to the 
wall of the latter, either to one cell by a foot, as in Fig.9, or, in 
the absence of the foot, to several cells. 

Growth in size appears now to take place very rapidly, and 
there is a great increase in the quantity of yolk^spherules. No 
changes are observable in the new nucleus. 

Concurrently with the increase in size of the cell and (|uantity 
of yolk, the kaiyosomes left free in the old nuclear area appear 
to be dissolved without showing any further signs of activity. 
When the cell, now to l)e i*egard6d as a primary oheyte, has 
reached its full size, it is once more set free into the lumen of 
the oviduct. 

There is present in the mature primary ocicyte only one set of 
spherules, variable in size, certainly, but differing in no other 
way from one another. All are yolk^spherules or none are yolk- 
spherules. The spherules which were formed by increase in size 
of the chromatin-granules are, therefore, similar to, and may be 
regarded as being the same as, those formed later. 

After these observations had been made, and the conclusions 
given below had been deduced from them, I sought, in the pub¬ 
lications of previous workers, for comparable observations and 
deductions. I cannot better give the results of my examination 
of literature than by the following quotation from a paper by 
Caroline MoGhlllft), who, on p.219 of the paper quoted, expresses 
the opinion that “it seems probable that chreunatin may have 
something to do with yolk-formation.” 

Will (7) thinks that the larger nucleoli of the amphibian 
genninal vesiole pass out into the cytoplasm, and there become 
ydk-nuolei. KaoCallumie]^ concludes that, in the ova of Am* 
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phibia, the peripheral nucleoli generate a RubRtance which diffusen 
first into the nucleus, and from there into the cytoplasm; finally, 
it combines with the c 3 d;oplasin to form yolk. Henneguy(2) be¬ 
lieves that the corpuscles of Balbiani in vertebrates are cither 
parts of the nucleolus, or the entire nucleolus, which passthrough 
the nuclear wall into the cytoplasm. Montgomery (6), in Pisicola^ 
describes the nucleus as contracting in volume, and, in so d<»ing, 
discharging all except oik* of its nucleoli into the cytoplasm. 
Goldschmidt(1), in active gland cells and in muscle-cells of dscam, 
has described a cytoplasmic chromatin, which, instead of lasing 
gathered into irregular masses as in the Kissl bodies of nerve- 
cells, is arranged in fibres or coarse i*eticula. Tn most instances, 
however, this chromatin, which he calls ‘Chromidialapparat,’ is 
not derived from nucleolar material, but represents nuclear chn>- 
matin which has made its way into the cytoplasm, la fact, in 
many cases, the chromatin-fibres of the cytoplasm extend directly 
through the nuclear membrane, and an! continuous with tlie 
chromatic reticulum of the nucleus. Since the chromatic appa¬ 
ratus is more highly developed in active than in resting cells, 
Ooklscbmidt concludes that it must function in the metabolism 
of the cytoplasm. 

My own deductions may now be put very briefly. They are:— 

1. The yolk'granuies are formed by the combination of a cyto¬ 
plasmic constituent with chromatin. 

2. The first yolk-granules are formed within the nucleus. 

The formation of the new nucleus is a pseudo-contraction of 
the overladen, old nucleus. 

4. This pseudo-contraction leads to the shedding of some of the 
kavyosomes, which are henceforward to be regarded os yolk-nuolei. 

5. These yolk-nuclei are stores of chromatin, which are to con¬ 
tinue the functional activity of the nucleus of the growing pii- 
ouuy odcyte, that is to say, they are to supply chromatin for 
that combination which is yolk-formation. 

6. The ultimate odgonium is nourished by endosmosis, the 
primary oOoyte by the epithelium of the oviduct. ' In both caaes^ 
the all-important substance received igthe cytoplasmic constituent 
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which enteifl into yolk-formation. Chromatin-conRtitiifntN, how¬ 
ever, inU8t be derived from without in the earliest 8ta^(CH. 
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EXPLANATION OP PLATE Ill. 

MLepianatory karyosomes—Nu'., the new nucleus in piYN'em 

of formation-«Nu"., the new nucleus nearly formed—Nu. inomh'., the 
nuclear membrane of the old nucleus--Nu. menih"., tlie nuclear membrane 
of the new nuoleus. 

Fig. 1.—The ultimate oogonium when first detached from the wall of the 
ovary. 

FigaS; 3,4,5,—Stages in the growth of the ultimate oogonium. 

Figafl, 7.—Stages in the formation of the new nuoleus. 

Figs.8,9.—Seotions of mature primal^ ouoytes. 
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CONTRIBUTIONS TO OUR KNOWLEDGE OF SOII-r 
FERTILITY. 

No. xvi. The Sbakch for Toxin-Produckrs. 

By R. Ghbio-Hmith, D.Sc., Maclbay Bacteriologibt to the 

Society. 

In the earlier papers of this series, it was shown that bocterio- 
toxio substances were soffletimes present in the clear liquid ob¬ 
tained by shaking a soil with water and filtering it through 
porcelain. The toxins were potent, for, when the some portion 
of soil was extracted a second time with water, the extract was 
highly nutritive. The first extract undoubtedly contained sub¬ 
stances which functioned os toxins, os well os substances which 
acted os nutrients, and, of these two, the toxins were the more 
powerful. 

The local soils were found to be toxic during the cold winter 
months and not in the dry summer. The toxicity was variable, 
and even in the favourable season, one could not be certain that 
a soil, undoubtedly toxic at one time, would be toxic at another. 
It seemed to be a matter of chance, but this was undoubtedly 
due to the fact that the cause of this toxicity was unknown. 
With the elucidation of the origin of the toxins, it will be better 
understood when a soil is likely to be toxic or otherwise. 

Soil-toxicity, os exhibited in the extracts of the soils, can be 
demonstrated directly and indirectly. Directly, by adding a 
certain number of a test-bacterium, and obtaining a diminution 
in that number after an incubation-period of, say, 20 hours at 
22*. Indirectly, by obtaining an increased growth os a result of 
boiling the extract and also of diluting it. A toxic soil exhibits 
all three characters. There are other points connected with 
toxic soils, and these will be found in my former papers. 

During my earlier work, 1 was led to believe that the cause 
of the toxicity would be found in the products of the bacteria, 
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and, in the beginning of this research, into the etiology of 
toxicity, some of the more likely bacteria were tested with more 
or less completeness. The work was tentative, the bacteria were 
tried one way and another. A favourable result was occasionally 
obtained, which led to repeated trials with slight variations, but 
these ended in failure to obtain a truly toxic condition. Some 
moulds were also tested, but the experiments with these did not 
lead me to believe that the source of the toxins would be found 
in the flora of the soil. The fauna remained, and when the 
amcebis were tested, the first results were so satisfactory that the 
source of the toxins seemed to have been traced. Unfortunately, 
these results were not confirmed, and, as the work proceeded, it 
became evident that the toxic efiect was caused by the produc¬ 
tion of alkali in the solutions in which the protozoa were growing. 
The test-bacteria were very sensitive to changes of reaction, and, 
so far as the solutions were concerned, it was made clear that a 
perfectly neutral solution was exceedingly difficult to maintain, 
and that any departure from a strict neutrality retarded the 
growth of the bacteria and exhibited some of the effects of a 
toxic solution. The main steps of the work that led to this 
conclusion are recorded in the following pages. Many experi¬ 
ments have been omitted because the results did not appear to 
justify a lengthening of the paper. They were either indefinite 
or confirmed a negative result previously obtained. 

It is well known that some soil-bacteria are inimical to others, 
and it was considered that some one group might be specially so 
to bacteria generally. Instances of an inhibiting or toxic effect 
exercised by some iDicix>-organi8mB against others are familiar to 
most workers in soil-bacteriology. It is an ordinary experience 
to find certain colonies of bacteria, such as hoc, mycoideB and 
certain moulds, passing over or through other bacterial colonies 
when spreading over the surface of an agar-plate. Occasionally, 
they are seen to avoid some particular colony, and we find these 
surrounded by a clear zone of agar, across which the^wandering 
mould or bacterium will not pass. Apparently, the colony has 
sent into the medium some toxic substance, and there does not 
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appear to bo a thinning away of the toxin, for the wandering 
colony generally becomes heaped up at the margin of the toxic 
zone and then spreadn round and eventually encircles the colony. 
It may bo tliat the thickening of the edge is caused by the toxin 
becoming so weak as to be able to exercise a stimulating action 
like other weak poisons.^ The Actinomyces-colonies are gener¬ 
ally toxic to such wandering moulds and bacteria. 

As soil contains so much sand and inert matter, it did not 
appear to be a suitable medium for experiments with these fve- 
Rumable toxin fomers, and it was considered that a fluid medium 
would be better. With regard to the nutrient added to the 
water, Bottomley’s work with auximones had suggesteci the idea 
that there might be a relation between them and decayed soil- 
toxins. Bottomley used moist peat-moss as a culture-material, 
but, as this could not be obtained, the flrst experiments wen* 
made with washed sphagnum-moss suspended in water. 

The moss was picked, dried, cut up, washed, and again dried. 
Ten grams were put into a flask with 600 o.c. of tap-water and 
sterilised. 

Two bacteria, T.P.2 and T.P.4, were selected as being possible 
toxin-producers. They were not identified at first, for, in ex¬ 
periments such as these, one determines the value of the bacte¬ 
rium first and identifies it afterwards, if its activity justifies the 
identificaiion.t The bacteria were seeded into the flasks of sus- 

* Journ. Roy. Soo. N. 8. Wales, 1916, p.77. 

t Bac. T.P.2 is a short, motile rod measuring O'A: 2fi, Gelatine is 
liquefied slowly, the colonies being round, white, and slightly raised with a 
oiliate edge. On agar, the growth is ivory-white, rough and oohetive. 
Long, needle-shaped oiystals are quickly formed in agar containing sodium 
phosphate, and these are fairly oharaoteristio of the organism. In some 
media, slime is formed from dextroae, although none is produced on 
Lipman*Brown agar. In bouillon, the growth produces turbidity, a film 
and a sediment; nitrates are not reduced. Milk is coagulated and slowly 
peptonised. On potato, the growth is yellow-brown. The indol test is 
poeitive, the Gram test negative, and the bacillus produces neither gae or 
acid from dextroae, saooharoee, mannite, or glycerine. Nitrate is not pro¬ 
duced from ammonia salte. It appeara to have Hoe, innnetna as its closest 
ally. 
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pendet] inosK, which wei*e incubated at 22“ for varying periodH. 

The extract won prepared in the umuuI way by filtration first 
thnuigl) paper, then through porcelain. One portion of the 
extract was lioiied for an hour under an inverted condenser. The 
various portions, generally 60 c.3., of the raw, boiled, and diluted 
extracts, were each seeded with 1 c.c. of a suspension of Bats, 
prodifjwmn, and incubated at 22* for 20 hours, wlien counts 
were made by the plate-method. The numbers of bacteria in the 
raw extra(;ts wei'e taken as 100, and those in the timted exti*act8 
wem calculated in terms of this. Fractions were omitted, and 
numlicrs less than 1 wera taken as 1. The actual number of the 
watiT-conti'ol can be found by dividing the extract by the 
extract/water ratio, for the latter was obtained by dividing the 
exti'act'cuunt by the water-count. 

ExrSRIUBNT i. 

Growth of Bac, prodiyiomm in extract, 20 hours at 22”. 


MiorO'OrganiRm. 

T.?,4 


T.] 

P.2 


Penioillium clado- 
sporioides. 

Nature of muHR. 

new 

new 


old 


new 

old 

Duration of tent; days— 

29 

8 

12 

11 

10 

13 

10 

11 

Numlier of test. 

1 

2 

3 

4 

5 

6 

7 

8 

Extract, boiled 

7«« 

223 

72,000 

600 

5.500 

.34 

184 

1,167 

Extraot, raw ... 

100 

100 

inu 

100 

100 

100 

100 

100 

Extract, raw, SU% 

.33 

54 

122 

02 

100 

479 

90 

48 

Extraot, raw, 00?^ 

15 

15 

183 

100 

100 

2,240 

67 

40 

Extract, raw, 40% 

6 

4 

300 

107 

100 

600 1 

56 

14 

Extraot, iww, 20% 

2 

1 

167 

107 

13.5 

21 

36 

40 

Water-oontn)l. 

1 

1 

in 

77 

88 

1 1 

25 

8 

Kxtraot/water i-atio ... 

417 

580 

0*9 

ra 

1*2 

lU 

4 

12 


In looking over the results of Experiment i., it is seen that 
moss is not a good substance for determining toxin-pieduction. 
When new, it is too nutritive, and when old, that is, when it had 
been used and washed once or twice, it is too poor. The dilution- 
curves of tests 3, 4, and 6 are almost horizontal lines, indicating 
that the extract is of a nature similar to water. The results 
obtained by boiling the extract in tests 3 and 6 cannot be ex- 
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plained; they certainly indicate a d^ree of toxicity which is not 
confirmed by the dilution-numbers. 

The numbers with PmicUlium cladAtspirrioideis are peculiar. A 
flask with new moss had been sterilised and allowed to stand for 
several weeks before being infected with Bac. T.P.2. At the 
end of the incubation-period, the mould was plainly seen growing 
as a floating mass upon the surface; it had ousted the bacteria, 
for few bacterial cells were obtained from the fluid. The rise in 
the numbers upon dilution is typical of a toxin, but the reduction 
upon boiling is not. Again, the dilution-effect was not obtained 
in tests 7 and 8. 

On the whole the experiment was unsatisfactory, and con¬ 
sequently other media were tried. 

Experiments were made with dilute solutions of nitrogenous 
salts such as ammonium sulphate, ammonium phosphate, and 
potassium nitrate, as well as with alkaline salts as potassium 
phosphate, but there was little sign of any probable formation of 
toxin with any of them. 

The usk of Collodion-Capsules. 

In an endeavour to improve the experimental method, use was 
made of collodion-capsules, as it was considered that by growing 
the bacteria outside and tlie test-organism inside the capsule, the 
production of toxin might be rapidly determined. Accordingly, 
capsules were prepared by coating the insides of 3/4 in. test-tubes 
with 4/J agar in water. After drying at 37®, they received one 
or two coats of thick collodion, and a narrow paper-scale was 
fixed inside near the middle, and a short length of thin tubing 
with a thread attachment near the top. The separation of the 
capsule from the tube was effected by filling the tube with water 
and slowly raising it to near the boiling-point, when the collodion 
separated easily from the glass. The capsules were washed in 
chaugeaof water, steamed to get rid of all traces of alcohol, and 
Anally inserted in wide test-tubes, which were plugged. The 
medium was added, 20o.c. in the outer tube, and 6c.o. in the 
capsule, and the whole was sterilised. The outer liquid was 
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seeded with soil-organisms and incubated for some days, when a 
suspension of the test-organism, Bac, prodiyio9U8^ was added to 
the capsule. After incubation at 22* for a day or two, the cells 
were distributed, either by blowing air through the culture or 
by repeatedly drawing up and blowing out the liquid in a pipette. 
Then 1 c.c. was abstracted, and a count of the bacteria made. 
Previous to the mixing, the height of the liquid on the paper- 
scale was read, and afterwards the volume was determined by 
water run from a burette to the same mark. 

The soiborganisms were obtained from a garden-soil that had 
been kept some time in the laboratoiy. The numbers of bacteria, 
originally high, as the soil had been heated, liad fallen to that 
normal for the soil, viz., to 6 to 8 millions per gram. Plates of 
Lipman-Brown agar were smeared with the soil-suspension in 
appropriate dilution, and, after several days, it was noted that 
the flora consisted roughly of 30% of bacteria, and 70% of Actino- 
inyces-furms. Of the latter, 17% were Acthw, chronwgenoy which 
darkened nutrient agar strongly; and 23% were Actino, odor\fera^ 
which darkened the agar slightly; the remaining 30% were 
indefinite. Many colonies were picked from the plates, the 
micro-organisms were classified or grouped, and representatives 
of the groups used for infecting the liquid outside the collodion- 
capsules in the tubes. 

The experimental results were noted os the progeny of one 
test bacterial cell originally added to the collodion-capsule, but 
as nothing will be gained by giving the exact numbers, the 
general indications, as compared with control-tests obtained from 
the figures in the various experiments, are here noted. 

Experiment ii. Soil-extract [soil 1, water 2 parts]. 

Soil'bacteria> 6 days at 18*; test-bacteria, 1 and 7 days at 22*. 
Inhibiting strongly—Rhizobium from soil, Bao.A7. 

Inhibiting slightly—Various (0) Actinomyoes-forms, Bac. AO. 
Accelerating slightly —Aspergillus sp., Bac. A2, 

Accelerating strongly—Bac. Al. 

As an indication of the value of the terms, it may be said 
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that the control-test showed that one cell had, in 7 days, in¬ 
creased to 118,000; the Rluzobium had multiplied only to 100; 
the Actino.-forms averaged 53,000, Aspei^^illus 240,000, and 
Hoc. A1 had a progeny of 7*28 tnillions. 

Experiment iii. Oum-acacia, 0*2%. 

8oil-bacteria, 12 days at 18''; test-bacteria, 5 days at 22^ 
inhibiting slightly -^Ai^pmjilhis sp., PmicUlium sp., Aciiwh ehnmi, 
Tndiflroi*cnt —AetimK odiir,^ Hoc. Al, Bac. A5. 

Accelerating strongly—Bac. A17. 

Experiment iv. Itay-infusion, 0*05%. 

Hoil-bacteria, 11 days at 16*; test-bacteria, 1 day at 16*. 
Inhibiting —Bac. B4. 

Inhibiting slightly—Bac. B5. 

Tndilforant—Bac. B2, grey and white Actinomyoetes. 
Accelerating—Bac. B8. 

Experiment v. Hay-infusion, 0*05%. 

SoiMiacteria, 11 days at 16*; test-bacteria, 2 days at 15*. 
Inhibiting strongly—Khizobium (from soil). 

[nhibiting moderately—Bac. Al, Bac. A2. 

Inhibiting slightly—Various Actinoinycetes, Bac. A5, Bac. A7, 
Bac. A9. 

Experiment vi. Albumen, 0*1% in tube, water in capsule 
(albumen coagulated upon steaming). 

Suil-liocteria, 7 days at 15*; test-bacteria, 1 day at 22*. 
Inhibiting stiHingly—Khizobium (from soil), Bac. A7. 

Inhibiting slightly—Bac,T.P.2, B^.B4, Bac.C2, BaG.C3, Bac.CL 
Indifferent—Bac. A17. 

Experiment vii. Soil-extract [soil 1, water 1 part]. 
Soil-bacteria, 11 days at 16*; test-ha^ria, 1 and 3 days at 22*. 
Inhibiting strongly—Bhizobium (from the Lupin), Bac. A7. 
Inhibiting moderately—Bac. G3. 

Inhibiting slightly—Bac. T.B.2, Bac. B8. 

Indifferent—Bac. Al, Bao.A17, Bac.C2. 
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Experiment viii. Hay-infusion, 0’1%, with dextrose 0'1%. 

Hoil-liacteria, 12 days at 16^ test-bacteria, 2 days at 22". 
Inhibiting moderately— Pmic, cUtdoH^M^oidim, 

Inhibiting slightly—Actino. 11, Bac. AH, Bac.T.P.;i, T.P,4,T.F.5, 
T.P.6,T.P.7,S.B.2, 8.B.5. 

Indiilerent—Actino.lO, Bac. 8.B.I, S.B.4. 

The results of tlie experiments, as a whole, showed that the 
action of the soihtnicrobe is generally irregular. This is notably 
the case with Bac. A17, which is the same as Bac. Al. In some 
catHM, it inct*ea8ed the growth of the test-organisin, while, in 
others, it had an indifferent action. In the ease of Khizobium 
and of Bac. A7, we have liacteria which producer a luxuriant slime 
in media containing sugar, and oven in those containing merely 
a trace of sugar or none at all, the inhibiting property is seen to 
remain. I cannot but think that they acted by extracting the 
nutrient from within the capsule in order to pixxluce their slime, 
which I'emaitied in the outer tube. The inhibition is, therefora, 
in all pmUability, due to the absence of uutnents rather Umii to 
the prasence of toxins in the collodion-capsule. As the experi¬ 
ments did not promise to aid the investigation, they were dis¬ 
continued. 


Tuk Use OF VAUious Media. 

llie action of llhixobiuin led to its being tested in flasks of 
various media, and the tests are grouped together in the follow¬ 
ing Table. 
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Rxpkrimbnt ix. 


8oil-oij(Aniiini 


Rhizobium. 


Derivation. 

Koil. 

Soil. 

Lupin-nudule. 

Lupin-nodule. 

Medium . 

Hay-ii)fu.ion. 

o«%. 

(iuni-Mauia, 

0-2%. 

Dried blood. 
0-4%. 

Ammonium 
sulphate, 
0*1% with salts 

Duration of test 

3 days. 

16 days. 

6 days. 

11 days. 

Temp, of inoubatiun 

16“ 

1.V 

13“ 

nr 

Number of test 

1 

2 

3 

4 

Kxtmct, boiled 

1,684 

34.3 

325 

41 

Extract, raw . 

100 

100 

100 

100 

Extract, raw, 80% ... 

170 

09 

106 

52 

Extract, raw, 60% ... 

106 

60 

96 

15 

Extract, raw, 40% .. 

80 

63 

67 

5 

Extract, raw, 20% 

175 

44 

49 

18 

Water-control 

m 

23 

15 

22 

Extraot/water ratio... 

17 

4*3 

6*5 

4*6 


There are indications uf the formation of toxin in some of these 
testSi although it must be said that they are not very pronounced. 
Test 1 shows a narrow extract/water ratio, pointing either to the 
possible absence of nutrients in the extract or to the presence of 
toxins. The increases obtained in the boiled and in the diluted 
extract lead one to believe that toxins were present. Test 2 had 
undoubtedly been incubated for too long, but there is a suspicion 
Uiat the extract is of the same nature as test 1. Test No.4 is 
irregular, and, so far as we can judge, gives us no information. 

Ill these tests, the growing organism had undoubtedly removed 
nutrients from solution, and, by utilising them, had prevented 
their ^Rppearance in the porcelain-filtered extract. This was 
shown by an extension of test I, in which the raw, uninooulated, 
filtered hay-infusion gave 666,800 cells, and the same, when 
boiled, gave 379,600 cells as against 100 of the unboiled bacterial 
extract. 

A mixed culture of bacteria, existing as an actively nitrifying 
suspension of soil-bacteria, was seeded into a solution of 0*1% 
dextrose in 0*1% hay-infusion. The suspension was incubated 
at\16* for 7 days. On preparing and testing the extract, it was 
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found to give the boiling- and dilution-reactions. The original 
mixture of bacteria was plated out in levulose ammonium-sulphate 
agar, and the flora was seen to consist of five organisms named 
provisionally 8. B.1-5. These were tested with the same hay- and 
dextrose solution, but as they showed no sign of toxin-formation, 
it is unnecessary to give the details. The original experiment 
was repeated, but the result was quite different from the first. 

KxfBEIMBNT X. 


8oil-organismfl 

Mixed baotoria. 

Medium 

Hay-infusion, 0*1% with dextrose 0‘1%. 

Duration of tent 

7 days. 

12 days at to"'. 

Kxtract, boiled . . 

917 

90 

Uxtraot, raw 

100 

100 

Kxtraot, raw, 80% 

Kxtrsot, raw, 00% 

IW 

92 

230 

59 

Kxtraot, raw, 40% 

615 

31 

Kxtraot, raw, 20% 

465 ' 

' 7 

Water-fsonti'ol 

28 

3-5 , 

1 

Kxtraot/wator ratio 

1 472 


The differences between these tests is marked, and, while there 
probably was a difference in the kinds of bacteria added in the 
two cases, there is the suggestion that the time of incubation 
may have an influence upon the result.* In the 12 day8’ test, the 
toxin may have been formed on or about the 7th day, and have 

* The experiment was repeated aunie niotithn afterwards, with the fol¬ 
lowing reaulU:— 


8oil-organisnis. 

Mixed bacteria. 

Duration of test. 

2 

• 7 days. 

Kxtraot, boiled 

188 

1 m 

Extract, raw 

100 

! 100 

Extract, raw, 80% .. 

32 

48 

Extract, raw, 00% .. 

H 

40 

Extract, nw, 40% . . 

1 

1 04 

Extract, raw, 20% ... 

1 

i 20 

Water-control 

1 

i 0 

Extraot/water ratio.,. 

100 

i 1-2 


The previous experiinent was not confirmed, and there is no evidenoe of 
toxicity shown by the diluUon-ourvea 
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becoiiio decayed by the 12th It appeared advisable^ therefore, 
to teat the solutioxie, fixim time to time, to eee the itiHuetioe of 
the time-factor. This was done in the following experiment, in 
which Bac. T.P.2 was used at 16* to 18*. 

Kxi’kkimknt xi. 


Soil-orgaiiiMni. 

1 



lioc. T.P, 

. 2 , 



Medium. 

Hay-iiifuHion, 0 

•1%. 

Hay-iiifueion and 
dextrose, 0*1%. 

Duiutiun of test in dayif 

.3 

5 

7* 

11 

3 

.5 

11* 

Hlxttaot, bulled . 

450 

308 

70 

.3.5 

240 

560 

2,00-2 

Ratio of lioiled oxtrootH 

12*6 

8*8 

2 

1 

1 

2*3 j 

8*7 

Kxtracl, raw 

ion 

100 

100 

' 100 

100 

100 

! luo 

Kxttoot, raw, 

00 

80 

122 

00 

55 

36 

84 

Extract, raw, 60% 

48 

107 

118 

76 

32 

24 

107 

Extract, raw, 40% 

.31 

111 

150 

63 

17 

10 

123 

Extract, raw, 20% 

16 

82 

111 

.58 

8 

7 

73 

Water-control .. 

6 

.56 

122 

32 

1 

9 

192 

Extroot/water latiu 

18 

1*8 ! 

0*8 

3*1 

113 

a*5 

0*6 


* The numherH in theae are irref^ular, largely owing to the ooutite being 
low. 


During the filtration of the infusions through the porcelain, it 
was noted that, in the dextrose^media, a considerable amount of 
sliriie had been formed. Attention was not called to this in the 
three days’ culture, but, in the five and eleven days' culture, the 
slime was pronounced. It is clear from the results that the 
organism had produced a certain amount of toxin about tbe 
sixth day in tbe simple baydnlusion, and that it had largely 
disappeared by the eleventh day. The ratio of growth, which 
is a rough index of the approximate amounts of nutrients in the 
extract, declined as time went on, and so did the effect of boiling 
the solution. In the hay- and dextrose-solutions, boiling showed 
a steady increase of nutrient produced as the age of the culture 
increased, while, without dextrose, the reverse was the case. 

The organism T.P.2 was originally obtained upon an agar-plate 
which had been seeded with a suspension of soil-bacteria. It 
was conspicuous in producing a zone across which neither moulds 
nor spreading bacteria would go. The single colony upon puri- 
fleatioD was found to consist of two closely allied forms pro- 
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viBionaliy named T.P.I and T.P.2, the former producing a white 
colony, the latter an ivory-white on nutrient agar. T.P.I lique¬ 
fies gelatine quickly and forms no slime on dextrose-media, while 
Bac. T.P.2 liquefies gelatine slowly, and forms a slime from 
dextrose. The belief was raised by other experiments that the 
for Illation of slime withdraws nutrients from the medium, and 
yields a poor extract; but whether the toxin-formation has any¬ 
thing to do with the production of slime, has yet to he deter¬ 
mined. Bac. 'J'.P.l, the slime-free ally of Bac. T.P.2, was tested 
under the conditions of the last experiment, vix., in hay-infusion, 
with and without dextrose, and at periods of 3, 6, and 10 days, 
but no evidence of toxin-formation was obtained. 

An attempt was made to determine the effect of slime-forma¬ 
tion upon the production of toxin by using a race of Rhizobium 
from the soil, which formed a luxuriant slime on solid dextiose- 
media. 

Kwkkimxnt xii. 


Medium. 

Hay-infusion, 0*1%. 

Hay-infusion with 
dextrose, 0*1%. 

Hoil-organism. 

Hhizobiuni. 

Hhusoliiuiii. 

]>uratio» of test in days. 

3 

0 

13 

3 

6 

Kxti*aet, boiled . 

82 

0 

>i03 

20,840 

45,a30 

Bxtraot, raw 

Extract, raw, 80% 

100 

100 

100 

100 

100 

13 

10 

84 

3 

40 

Extract, raw, 60% .. < 

1 

o 

77 

2 

36 

Extract, raw, 40% 

1 1 

4 

58 

2 

40 

Extiaot, raw, 2U% 

1 

3 

50 1 

2 

47 

Water-control ... 

1 

2 

35 

1 

37 

Kxtract/water ratio 

],«00 

1 « 

1__ 

2*8 

72 

3 


A 13-daya' test with hay-infusion and dextrose was found to 
be sterile, and has been omitted. Although these tests were 
intended to see the effect of slime-production upon toxin-forma¬ 
tion, it happened that no slime was obtained on the porcelain 
filter from the dextrose-solution, and, but for the growths on 
agar-alopes, one would have thought that the cultures were dead. 
However, the slow reduction of the extract/water ratio as time 
went on, and the great increase obtained on boiling the dextrose- 
solutions were again noted. 
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1 have found, in the past, that soils are more toxic in the 
winter than in the summer-months, and it is to be expected that 
temperature will have some influence in either the production or 
the decay of the toxin. The influence of temperature was tested 
in the following. 


Kxfkhimknt xni. 


Medium 


Hay- 

infuHion, 

01%. 


Soil-orsaniBrn 


Bao. T.P.2. 


Temperature 


16*5". 


22". 

Duration of test in dayn . . 

2 

4 

H 

1 

1 

7 

Extract, boiled 

Extraot, raw 

idO 1 

1 74 ^ 

1*23 

.30 

10 

too 

100 

100 

100 

100 

Extract, raw, 80% 

38 

, 77 

48 

40 

20 

Extract, raw, 00% 

12 

04 

' 18 

20 

12 

Extract, raw, 40% i 

1 .3 

46 

12 

17 

7 

Extract, raw, 20% 

1 

46 

10 

1.3 

n 

Water-control . 

1 1 

.3.3 


0 

.3 

Kxtract/water ratio 

248 , 

i __ j 

i 

! ^ 

l.l 

18 


The experiment was rather disappointing, as there was little 
evidence of toxin-formation at the lower or the higher tempera¬ 
ture. In four days at 16*6* it is shown by the low extract/water 
ratio that much of the nutriment has been locked up in the bodies 
of the bacteria. As the ratio is higher on the eighth day, one 
would imagine that there had been some dissolution of the cells. 

In an earlier experiment, there had been signs that some 
formation of toxin had occurred in a solution of gum-arabic 
infected with fiac. T.P.2. This led to the employment of an old 
culture of Rhixobium which had been grown in hay-infusion and 
dextrose, and which contained a quantity of slime. It was 
sterilised and infected with fiac. T.P.2. It showed no signs of 
toxicity on the third day. 

An old cultureof Bao. T.P.2 to hay-infusion was sterilised and 
infected with Uao. T.P.2, boi there were no signs of toxicity on 
the second or fourth day. • 

A solution of Oum-Acaeia, 0*2%, when infected with Bac. 
T.P.2, showed no toxicity on the second or fourth day. 
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A rod-sbaped bacillus, Bac. A17, which had appeared to 
stimulate the growth of Bac. procftpiosus in collodion-capsules, 
was tested in hay-infusion, but there was no evidence of toxin 
formation in the boiled or diluted extracts. 

In view of the indeterminate nature of the results hitherto 
obtained, it was deemed advisable to augment the intensity of 
the growth of the bacteria by increasing the amounts of the 
nutrients and by aerating the media during cultivation. To gain 
this end, beakers containing cotton-wool were sterilised, and 
media, such as 1% hay-infusion with and without 1% dextrose, 
which had been seeded with various organisms, were added in 
suiBcient quantity to moisten the wool. After incubation at 
22*, the cotton wool was squeezed and washed, and the liquids 
made up to a definite volume before being filtered through 
porcelain. 

A soil-Rhizobium, Bac. T.P.2, Pmicillium and 

an Actinomyces, A10, were tested at different times, such as 3, 
6, and 11 days; but, in none of the tests, was any evidence of 
toxin-formation demonstrated. This also applied to old cultures 
of bacteria reinfected with moulds. The method was useless, 
therefore, for the object in view. 

The experiments, however, raised the idea that small changes 
in the reaction might be responsible for much of the irregularity 
in the results. Bacterial cultures, in the absence of a ferment¬ 
able sugar, are generally more or less alkaline, while soil-extracts 
are supposed to be more or less acid. The soils used in this set 
of researches were acid, that is to say, when a piece of litmus- 
paper was inserted or pressed into a paste or porridge made by 
mixing the soil with water, it became reddened in the course of 
a few minutes. The aqueous extract of such soils should, there¬ 
fore^ be acid, and it appeared that, if the extract could be pre¬ 
vented from becoming alkaline through the action of baoteria, 
there would be a better chance of,demonstrating any development 
of toxicity. At any rate^ the cultural fluids would be more in 
harmony with the conditions that pertain in the soil. To effect 
this faint, permanent acidity, it would be necessary to add some 
substance which would almrb any alkalinity produced, in the 



156 CONTBIBUTfONS TO OUft KKOWLBMBOF SOIL^ FBRTILITr, xvi., 


same manner that chalk maintains a faint acidity in fermenting 
solutions of sugar. The only substance that promised to achieve 
this purpose was humic acid, and its use appeared advisable, as 
it is ever present in soils. 

A quantity of humic acid was accordingly prepared from 
rotted bamboo^mould by treatment with sodium hydrate, followed 
by acidification, washing with water by decantation, filtration, 
and finally by dinlysis. The acids were dissolved in normal soda 
and sterilised. 

Tests were made with strong haydnfusion with and without 
dextrose by the cotton-wool method, but, although several 
organisms were used, no results of any importance were obtained; 
the solutions were far too nutritive. A converse test with tap- 
water and no nutrient showed that the humic acid acted as a 
poison. Although an opalescent suspension of liacteria had been 
added, no living bacteria were to be found by the third day. In 
one case, a pink yeast had obtained access to the flask, and, on 
the thirteenth day, the extract showed a rise upon boiling; and, 
upon dilution with dilute hay-infusion, the same sterility, 
towards the introduced bacteria, was noted after a few days. 
The humic acid was undoubtedly the cause of the phenomenon. 
It had been dissolved in normal soda, and the solution was 
added to the flask of medium, and was followed by the quantity 
of normal hydrochloric acid necessary to neutralise the soda. 
The humic acid remained largely dissolved, and acted as a soluble 
acid. In une test, that of the pink yeast on the thirteenth day, 
the acidity of the extract to pfaenolphthalein was +0*5" by 
Fuller’s scale, that is the extract contained 0*5 o.g, of normal 
acid per litre. The experiments suggest that, to be effective, the 
humic acid should be insoluble in water. 

BxFRHlllBirTS WITH HUMUS. 

As the toxin-formation in soil must be related to the changes 
in the organic matter, an attempt was made to see in how far 
humus would be Useful in elucidating the problem. Rotted 
bamboo-grass was sifted, partly dried, mixed and sifted again to 
obtain a uniform mould. Portions weighing 10 grams were put 
Into deep Petri<4luheB, and sterilised by heating for two hours at 
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130", When cold, I0c.c of a suspension of Bac. T.P.2 were 
added to each portion. After various periods of incubation at 
18", a portion was transferred to a shaking bottle, treated with 
600 c.c. of distilled water, and shaken 50 times at lO-miniite 
intervals for an hour. The suspension was then filtered through 
paper and porcelain, and the usual procedure followed. 

KxrSKlMKNT xi\.il. 


Hoil-organiain 

llao. '1 

r.p.2. 

Duration of test . . ! 

1 

3 days. 

0 days. 

Kxtraut, bnilecl . | 

1 3,870 

210 

Kxtraot, raw 

100 

100 

Kxtract, raw, 80% 

, .->0 

7» 

Kxtraot, raw, 00% . 

13 

60 

Extract, raw, 40% . . .. 

0 

21 

Kxtraot, raw, 20% ... 

•~i 

4 

Water control 

1 

2 

Extraot/water ratio.. 

160 

1 

.62 


As the experiment did not seem to be going to give any useful 
information, the remaining portions were extracted with different 
quantities of water to test the influence of various strengths of 
extract. 

KxrxKiMXNT xiv.b. 


Growth of Bw, proditfioimM in oxtraoU of leaf- 
mould infeotod with Hao. T.P.2, and inonbated 
for 11 days at 18*". 


lO-gram portion to water. 



600 0.0. 

Extract, raw 

100 

Extract, raw, 80% ... 

36 

Extract, raw, 80% ... 

6 

Water-control 

23 

Extraot/water ratio .. 

. 4 


300 0.0. 

100 0.0. 

100 

100 

240 

487 

278 1 

1,563 

.3 

46 

38 

2 


The results of Experiment xiv.a, are much the same as have 
been obtained in solutions, vis., a lessening of the nutritive and 
of the boiling effects, as the period of incubation proceeded. In 
Experiment xiv.b, we have the dilution-effect becoming more pro¬ 
nounced as the water used in making the extract became less. 
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Portions of the air-dried mould containing 14 grams of dry 
matter were put into Petri-dishes and sterilised. They were 
infected with cultures of Hac. T.P.2, and of Actinomyces 10, and 
the moisture raised to 40%. The extracts were prepared by 
shaking each portion with 500 c.c of distilled water. 


FArRHIMRNT XV. 


Soil-organism 


HftO. T.P.2. 


Aotino, 10. 

Cnntrul. 

I^i-atioii of tost in rJays 

4 

0 

18 

24t 

10* 

18t 

241 

Extract, boiled 

44 

104 

110 

47 

71 

00 

138 

Extract, raw 

100 

100 

100 

100 

100 

lUU 

100 

Extract, raw. S0% 
Extract, raw, A0% 


532 

270 

00 

202 

171 

110 

3,710 

1,880 

1,845 


.574 

208 

08 

Extract, raw, 40% 

9,5(M) 

3,000 

0,6.S7 

37 

1,0.38 

100 

57 

Extract, raw, 20% 

8,070 

2,500 

10,000 

17 

502 

:> 

25 

Water-control 

471 

20 1 

153 1 

I 

2 

i 

1 

Kxtraot/water ratio .. 

2 

5 

0*0 

1,130 

44 

275 

400 

Ueoction 

+ 00 

+ 0*0 

4 0 .55 

1 0.3 

— 

+ 0-4 

+ 0*2 


* Growth of a green Penioilliuiu at edge of dish, 
t Permeated with Penictllium. 


The growth of the accidentally introduced Peuicillium result(*d 
in a flattening of the dilution-curves, and in a diminution of the 
acidity. From this, it must be inferred that the acidity was 
chiefly responsible for the toxicity of the extracts. To test the 
matter, a further experiment was made with partially neutralised 
mould, and with neutralised extracts. 

Four-ounce glass bottles were used instead of Petri-dishes, and, 
into each, 18*2 grams of mould, containing 14 grams of dry 
matter, were introduced. They were sterilised at 130*" for two 
hours, moistened with 3 c.c. of sterile water, and steamed for an 
hour. The steaming proved to be unnecessary, as portions of 
the heated soil proved to be sterile. One of the portions was 
infected with a Fusarium, another with a Bhizobium, a third 
served as a control, a fourth was treated with enough lime-water 
to neutralise the apparent acidity, and the last was subjected to 
the vapour of ammonia for a couple of hours. The moisture in 
theni all was brought to 40%. The extract of the raw mould 
was ^und to be very acid, 1000 c.c. containing the equivalent of 
1 
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one c.G. of normal acid^ using phenolphthalein as an indicator. 
The extracts were neutralised with sodium bicarbonate. The 
Fusarium, the llhizobium, and^the control-tests were incubated 
for five days at 22*. 



The point to be noted from this set of tests is, that the neu¬ 
tralisation of the acidity of the extract has converted the toxic 
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into a nutritive condition, not only in the raw extract, but also 
in the 80% dilution. The numbers obtained in the extracts of 
the control and of the infected leaf-moulds are of the same order, 
and indicate that the toxic property is inherent in the sterilised 
medium. The suspicion is strengthened, that the toxins aro 
really acids developed during the sterilisation of the organic 
matter. It is evident that the treatment of the leaf-mould with 
lime-water or with ammonia was not sufficient to neutralise the 
excessive acidity of the humus, for the numbers show a position 
intermediate between the acid and the fully neutralised extracts. 

In a new set of tests, the sifted mould was treated with water 
to eliminate the sand with which it was mixed. It was then 
dried, and again sifted through a finer sieve to remove the bulk 
of the fine, light Kbres. It contained moisture 10*2%, and ash 
43-8%, leaving 46% for the organic matter. Portions containing 
10 grams of organic matter were put into 4-ounce liottles, and 
sterilised at 130” for two hours. Dtiring the sterilisation, an 
odour of burnt sugar was noticeable. 

A portion of the sterilised leaf-mould was tested against a 
portion of the unsterilised for acidity. Each was shaken 300 
timek with 600 c.c of water, and filtered. This was repeated a 
third time. The acidity of the filtrates was tested with N/lOO 
soda, using phenolphthalein as an indicator. The figures repre¬ 
sent the number of c.c. required to neutralise the 600 c.c. of the 
extract. 



mould, heated. 

mould, 
not heahMl. 

differenoe. 

Ist 600 O.O. 

47*6 


400 


16'25 


11*26 

3rd 500 0.0. 

10*0 


6*25 


The curves of these numbers were plotted, and it was seen that 
the curve of the heated mould would meet that of the unheated 
mould at the fifth 500 o.c., and that^ at the fourth, there would 
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be a difference of 3 c.c. The total differences would, therefore, 
amount to 60*5 c.c. of N/100 acid for the total acidity developed 
during sterilisation and remo^uibU by wa%hxng wiik waitr. In 
terms of the organic matter of the mould, this means that 100 
grams during sterilisation developed an acidity equal to 6*05 c c. 
of normal acid, equivalent to 0*36% grams of acetic acid. 

A portion of the sterilised leaf-mould, containing 10 grams of 
organic matter, upon being gradually moistened with water, was 
found to form a fairly coherent ball when pressed in the hand 
after the addition of 15 c.c. of water bo each portion. Accord¬ 
ingly, 15 c.c. of water containing 6 c.c of N/10 sodium bicar¬ 
bonate were added to each portion, which was thoroughly mixed 
and pressed down. Huspensions of the bacteria in 1 c.c. of water 
were subsequently added, mixed, and pressed. 

After an incubation of five days, extracts were made, and 
their effect upon the growth of Bog, prodigiomn noted. 


Kxpkbimknt xvil. 


Huil-organisin 

Bao. T.P.2, 

1 

Rhizolnum. | 

None. 

Reaction of extract 

acid. \ 

1 

neutral. 

acid. 

1 

neutral. 

acid. 

noiitral. 

Kxtiuot, Ifoiled 

JOO 

_ 


_ 

152 


Extract, raw , 

100 

77.930 

100 

41,900 

IW 

35,800 

Extract, raw, H0% 

132 

70,a8U 

2H1 

35,420 

lOH 

89,310 

Extract, raw, 20% 

1,077 

4,300 

5.342 

12,740 

1,000 

9,950 

Water-oontrcjl 

1,471 

— 

200 

— 

1,316 

— 

Kxtraot/water ratio 

1 

0*07 

. 1 

0*5 

— 

007 

— 


The numbers in the control and in the T.P.2 tests are virtu¬ 
ally the same, and evidently no growth of the bacillus had 
occurred. The numbers with Rhizobiuin are different, not only 
in the acid extract, but also after it had been neutralised with 
soda. The (act that Uhizobium can grow in the partially acid 
leaf-mould is a point worth noting. It is needless to discuss the 
possible formation of toxins with these leaf-moulds, and the re- 
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maining portions of the tests were discarded until further work 
had been done. 

The addition of the bicarbonate of soda to the portions of leaf- 
mould did not neutralise the soluble acidity, for when the raw 
extracts were tested, it was found that the T.P.2 test had an 
acidity equal to +0 62* in the extract The control had +0*63", 
and Hhizobium +0*35**. It is, perhaps, to be expected that, in 
a substance like rotted leaf mould, there will be a mixture of 
humic acids, some soluble in water, some partially soluble, and 
some insoluble in water. The humates are so complex that it 
was a mistake to consider that even all the water-soluble acid 
would have been obtained by water-extraction, unless the time- 
factor had been taken into account, and days instead of hours 
been occupied in the extraction. 

The necessity for having a neutral vegetable-mould was 
emphasised, especially in the last two tests, and some experiments 
were made with the object of getting a better idea of the true 
acidity. 


Thr Acidity op heated Leaf-mould. 

A numl>er of portions of the leaf-mould, each weighing four 
grams, were bottled, and some were heated for two hours at 130". 
A sterile and an untreated portion were repeatedly shaken up 
with a standard alkaline solution at intervals during the time 
of contact, and filtered. The filtrates were tested for residual 
alkalinity or, when neutral liquids were used, for acidity. 1 he 
numbers represent cubic centimetres of normal acid in, or derived 
from, 100 grams of the dry, organic matter of leaf-mould. 

Caleiim bicarhonaU ,—The acidity was first tested by the 
method of Hutchinson and MacLmnan,* which consists in 
having the portions in contact with a solution of bicarbonate of 
calcium for a certain time, and subsequently determining the 
amount of lime that had been removed from solution 

Heated . ... 93*3 

Control .91*7 


Joum. Agrio. 6oi., vii., 73. 
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Sodium bicarbonate, —Portions were moistened with lOc.c. of 
alcohol, and treated with lOOc.c. of water containing 1 gram of 
bicarbonate of soda, for five days. 

Heated . 165 

Control . 121 

Other portions were moistened with 5c.c. of alcohol, and 
treated with 200c.c. of water containing 0*8 grams of bicarbonate. 

Heated .82*4 

Control ... .76’6 

Alcohol, —Portions were shaken up with 200 c.c. of neutral 
spirit and allowed to stand overnight. 

Heated.. .9*4 

Control . 4*0 

JVater ,—Portions were shaken up with 500 c.c. of water and 
allowed to stand overnight. 

Heated .241 

Control ... ... ... 9*2 

Lime-water ^Portions were treated with 200 c.c. of N/21 
lime'water and allowed to stand overnight. 

H-Oated ... ... 383 

Control ... . 362 

The numbers obtained with lime-water were so high, that the 
experiment was repeated. The four grams of leaf-mould were 
shaken with 300 c.c. of approximately N/24 lime-water, and due 
allowance was made for the amounts removed in the portions of 
fluid abstracted. 

Normal alkali, in c.c., absorbed by 100 grams of dry organic 
matter. 


I>ayB. 

i/» 

1 

2 

3 

4 

5 

7 

9 

Heated. 

340 

m 

423 

432 

442 

44H 

436 

M2 

Control. 

a)5 

395 

410 

418 

426 

432 

440 

M4 


This confirms the previous test in showing that a compara¬ 
tively large amount of lime is removed from solution, and that 
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more is absorbed by the sterilised than by the unsterilised mould. 
The organic matter has absorbed from 12 to 13% lime [CaO], and 
al>out 90% of the total was absorbed within two days. 

The difference in the amount of base absorbed from the 
hydrate, as against the bicarbonate, led to a test being made 
with bicarlK>nate of magnesia. A quantity of freshly precipitated 
and washed carbonate was suspended in water, and a current of 
carbon dioxide was passed through for several hojiirs The solu¬ 
tion was filtered, and 200 c.c were added to 4 grams of soil in 
stoppered bottles. The solution of bicarbonate of magnesia was 
approximately twelfth normal The bottles were shaken fre¬ 
quently, and the portions abstracted from day to day and boiled 
with an excess of N/20 sulphuric acid for ten minutes, and 
titrated with N/20 soda in presence of phenolphthalein. 

Mojgne^ium 6icar6ona^*—Normal alkali, in c.c., absorbed by 
100 grams of dry organic matter. 


Days. 


•> 

7 

10 

Heated . 

j 

1 90 

00 

105 

I 104 

Control .. 

.1 80 

1 

80 

09 

j 09 


The numbers are closely akin to those obtained with calcium 
bicarbonate, and mucli under the tests with lime-water. 

BarytorwaUr ,—The action of lime-water was controlled by a 
test made witli baryta-water, in which 300 c.c. of approximately 
N/15 alkali were added to each 4-gram-portion of mould. 

Normal alkali, in c.c , absorbed by 100 grams of dry organic 
matter. 


iMys. 

1 ! 

1 

2 

1 

3 

i 

i . 1 

i 

6 

7 

8 

0 

Heated... 

389 

408 

1 

410 

434 

442 

446 

448 

414 

Control ... 

385 

382 

301 

400 

405 

417 

418 

426 


These numbers run closely with those of the limo-water test 




6V U. GRKIO'SMITH. 


m 


The set of ex peri men ts nhow that vegetable-iiKiuld, origmally 
of an acid reaction, ia made more acid by the action of heat, 
such as by sterilisation for two hours at 1^0" The acid sub¬ 
stances are partly soluble in alcohol and in water. They consist 
of two kinds, one of which is capable of being neutralised by tbe 
bicarbonates of the alkaline earths. Ihe other makes itself 
evident when in contact with the hydrates of the earths. The 
mould which was examined removed from four to five times more 
alkali from the hydrate than from the bicarbonate. 

At the close of the baryta-water experiment, the control-soil 
was rapidly Altered on the pump, washed with a small quantity 
of water, transferred back to tbe bottle and shaken with 300 c.c 
of water, and tcsied from time to time. 

3 hours ... . . 26*3 

1 day. .. 36 

2 days ... ... ... 36 

Of the 433 c.c. removed from 100 grams of dry^ organic matter, 
36 wore given up to water, and we may, therefore, consider the 
difference of roughly 400 c.c. as being in combination. 

The sterilised leaf-mould was also Altered and shaken with 200 
c.c. of twentieth-normal hydrochloric acid. This removed the 
following amounts of normal lime. 

3 hours . 328 

1 day. 343 

2 days.343 

Deducting this from the total baryta absorbed, viz., 464 c.c, 

we have 120 c.c., which is close to the amount absorbed from the 
bicarbonates. It is evident that the kind of humic acid, which 
fixes the bulk of the lime from a solution of the hydrate, forms 
with it a feeble combination. This is destroyed by mineral acids 
but is not affected to any extent by water. The combination 
seems to be too deAnite in its quantitative relations for a simple 
case of adsorption. 

From the experiments^ it was concluded that the organic 
matter of the leaf-mould contained huraio acids, audf. of these, 
about one-quarter were capable of decomposing the bicarbonates 
of the earths, while three-fourths were too weak to do tliis but 



1(>6 CONTRltiUTlONS TO OUft ICNOWLBDOfe Of BOIL-FBRTILITT, xvi., 

could combine with the earthy hydrates. Heating the mould 
increased the amount of acid, and the increase was largely soluble 
in water. 

Humus with Calcium Garsonatk. 

According to the earlier lime-water test, in which 100 grams 
of dry organic matter absorbed 383 c.c. of N/1 alkali from lime- 
water, it appeared that a neutralisation of the acids of the leaf- 
mould would be obtained by adding 2 grams of calcium carbonate 
tf^each portion containing 10 grams of dry organic matter, and 
that neutralisation would bo certain if 2*5 grams were added. 
A set of bottles were prepared, each receiving the equivalent of 
10 grams of dry organic matter, and 2*5 grams of calcium car¬ 
bonate as precipitated chalk. The bottles were sterilised for 
two hours at ISO**, then moistened and stirred with 15 c.c. of 
water, and steamed for an hour. Subsequent tests showed that 
sterilisation had been complete, and that the extracts furnished 
by the tests were neutral to phenolphthalein. Sets were infected 
with certain micro-organisms and incubated at laboratory tem¬ 
peratures for varying times. It will be rememliered that the 
organisms T.P.2 and Actino. 14 were chosen because they in¬ 
hibited the growth of spreading bacteria and moulds on agar- 
plates. A test made at the beginning of this experiment showed 
that T.F.2 had lost its toxic power, while Actino. 14 had not. 
In view of this, the bottles of T.P.2, which had been infected, 
were incubated in an atmosphere of carbon dioxide, to see if 
this would have any influence in restoring the toxicity. Several 
of the portions, which were tested on the eighteenth day, were 
unfortunately destroyed. 
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A general glance over the results leads to the belief that no 
toxins are formed by the organisms. It may be that the excess 
of carlxniate of lime has brought about a condition in which the 
preservation of the toxins is not possible. The outstanding 
feature of the experiment is the increased nutritive effect ob¬ 
tained with I^eniciflinm tiiadonporioides. The ex tract/water 
ratio increased very rapidly, indicating that the mould had l>een 
actively attacking the organic matter and producing substances 
which stimulated the tcst-orgaiiism, prodigxo^uif^ to an in¬ 
creased production. 

The amount of uuacted-upon carbonate in the treated leaf- 
mould led to the belief that too much had been added, and that 
an excess of carbonate was not desirable. 

Humus nbutkaliskd with Limk-watkk. 

A quantity of sifted leaf-mould was soaked in lime-water for 
an hour, 5 litres of lime-water being used for every 500 grams of 
leaf-mould. A trial test showed that this proportion furnished 
a neutral extract, although, when the bulk was prepared, the 
extract of the mould was faintly acid. This was possibly caused 
by the subsequent sterilisation. At the end of an hour, the sus¬ 
pension was stirred and decanted on to a filter, and the organic 
matter washed, and at the same time separated from the heavier 
sand by repeating the procedure with water. The residual 
organic matter was dried, sifted, and bottled. 

At this stage, the mould contained moisture 40*42%, asli 
18*80%, and organic matter 40*48%, so that 24*5 grams contained 
10 grams of organic matter. This quantity was put up into a 
number of four-ounce bottles, which were heated for two hours 
at 130^ Most of the moisture was driven off by the heating. A 
test showed that the heated mould formed a coherent mass, upon 
being pressed in the hand, when a weighed portion contained 20 
grams of water, and this was accepted as being the quantity 
requisite for a full bacterial growth After the heating, the 
water was raised to 19c.c., the remaining I c.c. being left for 
the infecting suspension. The water was thoroughly incorpo¬ 
rated, and the bottles were steamed for an hour. Sets were 
infected with several micro-organisms and kept at room-temper¬ 
ature, 15*. 



Experiment xix. 
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The behaviour of Pen, cladoeporioiitee was different in this ex¬ 
periment from that in the presence of an excess of chalk. It did 
not decompose the organic matter so quickly, but the rise in the 
dilution-curve was more pronounced. This suggested the idea 
that, if the nutritive effect could be kept down, the curve might 
be more accentuated Use was made of Rhizobiuin for growing 
with the Penicillium because, when the former was tested at the 
same time, viz., on the tenth day, the nutritive ratio was lower 
than either the latter or the control-test. The double growth 
kept down the ratio, but there was no elevation of the dilution- 
curve. The growing Penicillium brought about an alteration in 
the reaction of the extract. The reaction of the control-test 
seems to indicate, that the bacteria and moulds cause the medium 
to furnish acid extracts which, in time, may become alkaline. 

The effect of using different amounts of water in preparing the 
extract was shown in the case of the mould infected with Fusa- 
rium species. Two tests were extracted at the same time, one 
with 500 C.C., the other with 250 c.c. of water. The stronger 
extract gave the higher nutritive ratio, as 204:42, while the 
weaker solution showed a tendency to produce a rise in the 
dilution-curve. 

On the whole, the neutralised leaf-mould did not come up to 
expectations in serving as a suitable medium for the demonstra¬ 
tion of toxin-production by the selected micro-organisms. 

When an extract is diluted and subsequently sown with 
bacteria, it will give a count in proportion to the amount of 
dilution. But if the extract is acid, the dilution will be lees 
acid, and the count will not be in proportion, but will be more 
or less according to the effect of the change in the acidity upon 
the growing bacterium. It is difficult to say just what this 
diffisrenoe from the normal would be, especially with such weakly 
aoid extracts as in Bxpt. xix. The neutralisation of an extract 
BO strongly acid as +1*0 is well seen in Expt. xvi., in which the 
dilution to one-fifth raised the count from 160 to 300-fold. A 
•at of experiments were made to obtain some definite informa¬ 
tion regarding the influence of slight variations in the reaction. 
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Thb Influence of Reaction upon Bacterial Growth. 

An extract of the same vegetahle-mould as in Expt. xix. was 
prepared, and the acidity was determined in the following 
manner. Twenty-five c c were pipetted into a beaker, an equal 
volume of distilled water was added, and the beaker was covered. 
It was boiled for ten minutes to expel the carbon dioxide, and 
rapidly cooled. Three drops of phenolphthalein were added, and 
N/lOO soda was run in until a difference in the tint was manifest. 
An end-point was not aimed at; just the difference in the tint 
from a yellowish to a faint brown. From the reading, 0*05c.c. 
was deducted as being necessary to produce the change of tint 
over the neutral point. For example, 26 c.c. of an extract gave 
a tint with 015 c.c. of N/lOO soda. Deducting 0*05 c.c., the 
reading becomes 0*1 c.c. for the neutral point. With 0*4 c.c., 
the tint was a pronounced red, and the final deep purple was 
obtained with 0*9 c.c. The neutral quantity 0*1 c.c., when cal¬ 
culated to normal acid per litre, gives 0*04 c c., which, by Fuller’s 
scale, is represented by -I- 0*04. A good,, white light is required 
during the titration to observe the change of tint. The method 
appears to be correct, for when the extracts were neutralised by 
the findings of the method, they always gave the highest counts 
after incubation with the test-bacterium. 

After determining the reaction of the extract, quantities of 
100th normal lactic acid or bicarbonate of soda were added to 
10 C.C, portions of the extract, and sterile water to bring the 
volume up to 11 o.c. One o.c. of a suspension of /foe. prodigio§u$ 
was added, and this brought the volume up to 12 g.c,, upon which 
the quantities of acid and alkali, which were added, had been 
based. The bottles were incubated at 22° for 20 hours, when 
counts were made, and these were calculated in terms of the 
neutral extract. 
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KxI'KRIMKNT XX. 


Reaction of extract 

(irouth of Hfijc. 20 homu at 22 '. 

(FuUer*R aoale). 

a 

1) 

1 

c 

average. 

- 0*3 

56 

43 

53 ’ 

50 

-02 

50 

67 

60 

60 

- 0*1 

03 

71 

70 

78 

00 

UH) 

100 

100 

lUO 

+ 0*1 

m 

8 H 

77 

83 

+ 0*2 

33 

44 

21 

33 

+ 0*3 

3 

, 

J 

.> 


The numbers in the three tests are not unifonsi but they serve 
* to show the probable variation that the effect of dilution has 
upon an acid or alkaline extract. For example, in the ten days’ 
test with Penic. clcdovp. (xix.), the numbers with 80% were 187, 
and with 20%, 38. The reaction*curve passes through 86 for 
+ 0*1,91 lor +0*08, and 99 for +0*02. A slight calculation 
shows that the numliers at the 80% dilution are higher by 6%, 
and at the 20% dilution higher by 15% than they should be on 
account of the reduction of the acidity by the mere dilution. In 
these weakly acid extracts, however, small differences such as 
these are iiegligeable, as the counts themselves are liable to 
greater fluctuations. 

A stage has been reached in the investigation at which it is 
made clear that bacteria and moulds do not produce toxins, or, 
if they do, the toxin is not capable of being demonstrated either 
in nutrient solutions or in vegetable-humus. Any resemblance 
to toxicity is probably caused by an alteration in the reaction of 
the medium, and, to such alterations of reaction, the test-organ¬ 
ism is very sensitive. 

Thk Growth of Amoeba. 

The attempt to obtain toxic sabstances among the byproducts 
of certain bacteria and moulds had not been so successful as had 
been wished; in fact, it had been decidedly unsatisfactory. 
Either the methods of producing the desired bodies were at fault, 
or the micro-organisms were not such as would give the desired 
results, although they had been selected as being the most likely 
to do so. It is known that bacteria can give out bacteriolytic 
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substances, as for example, Bae^ ppoepaneui, and moulds may be 
capable of doing tbe same. But these are not the only inhabit¬ 
ants of the soil. There are certain protozoa, and with the failure 
to obtain a decided and undoubted production from the bacteria 
and moulds, the attention was turned to the soil-fauna. 

With regard to the possible activity of the members of the 
soil-fauna in this direction, we are faced with the fact, that the 
introduction of certain species of protozoa, s.y., the Amcebse and 
Colpodsa into sterile soils, does not bring about tlie condition that 
holds before sterilisation. The bacterial numbers, which become 
greatly increased as a result of the sterilisation, do not become 
reduced to the previous level when the protozoa are present. 
It is true that Goodey** has lately shown that the inhibiting 
factor, which determines the reduction of the bacterial numbers, 
becomes evident when the numbers of amcebss approach and 
exceed 50,000 per gram of dry soil, but, at the same time, he 
says that the sterilised or disinfected soils are not suitable media 
for the production of the factor. Tbe treatment of the soil with 
heat or with the volatile disinfectants so alters the soil, that it is 
nut immediately suitable for developing the inhibiting factor, 
whatever it may be. 

I had considered the possibility of soil-amcebae being able to 
produce substances akin to the immune bodies of the animal 
pathologist, but, as experimental work failed to reveal any sign 
of toxic substances, and such immune bodies must be included 
in this category, I simply record the fact that such a possibility 
had been entertained, and that experiments with, and without, 
“vaccines” had been negative. 

Some difficulty was met with in obtaining a “pure” culture of 
aoil-amcabe. Upon a former occasion, they had been cultivated 
in quantity in 1% hay-infusion, without any trouble, but, upon 
repeating the procedure, it was found that the medium was not 
well adapted for the purpose. Tlie single cells genet ally disap¬ 
peared overnight* Tbe trouble was traced to the medium being 
too nutritive, thus permitting the accompanying bacteria tu 
become too numerons and render the medium too alkaline. A 

( B . 610 ), p , 297 , 


13 



174 00NTR1BVTI0N8 TO COR KNOWLBDOK OF BOIL-FKRTILITT, Xvi., 


hay-infusion, in which the bacteria had grown for some time, had 
changed from having a faint original acidity of +0'2fi to an 
alkalinity of - 2*4. It was naturally assumed that the alka¬ 
linity developed overnight had been the cause of the disappear¬ 
ance of the ammbtt, but, when either saccharose, lactose, lactic 
acid, humic acid, or sodium phosphate was added, the trouble 
still remained, although it was not so pronounced in the presence 
of humic acid. The addition of potassium nitrate, mono- or 
di-hydrogen phosphate, or ammonium phosphate to make a 0 05^^ 
solution with the hay-infusion, also resulted in the disappear¬ 
ance of the amoebie. It seemed at one time as if the smallest 
droplets gave the most satisfactory growths, that one amoeba in 
a small droplet had a better chance of growing tlian one cell in 
a large droplet, and it was concluded that the hay-infusion was 
too strong. It is a recognised rule, in growing anuelm*, that a 
poor medium should be used in order to prevent the protozodn 
being overwhelmed with bacteria, but 1% hay-infusion is by no 
means considered to be a rich medium, especially when made 
from a rather poor sample of couch-grass. However, experiments 
showed that 0*2% hay-infusion was well adapted for growing 
amcebts in mass-culture, although it produced rather delicate 
feirms in single-cel) work. One of my most successful starter- 
cultures was obtained by gradually adding 1% hay-infusion so 
that the bacteria were kept under as much as possible. An 
equally good starter was obtained by growing the cells in a 2% 
infusion of exhausted leaf-mould, the same as was used in some 
experiments about to be recorded. 

During this part of the investigation, the effect of adding 
sodium chloride to the hay-infusion was tested. In one instance, 
the addition of 0*2% was beneficial, while a larger quantity de¬ 
stroyed the amosbe. In another instance, the addition was 
injurious. A good culture-fluid was found in tap-water contain¬ 
ing 0*05% asparagin with 0*11% KgHP 04 . Although two of 
the original five cells died overnight, the remaining three cells 
increased to 39 in another day. In view of this, an experiment 
was made in which the asparagin was replaced by chloride, 
sulphate or nitrate of ammonia, nitrate of potash and urea. A 
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number of amcebce were added to each droplet, and a trace of 
chalk. All the cultures did well, and, in course of time, the 
mobile forms encysted. The colls of the urea-test were vegetat¬ 
ing long after tlie others, and the amcebce in the ammonium 
chloride test also persisted longer, and finally disappeared with¬ 
out forming cysts. 

A preliminary experiment was made with an extract of a 
partially exhausted leaf-mould, using a growth of amcebe derived 
from a single cell. Although the solutions were tested from 
time to time in the customary manner for the influence of boiling 
and dilution, no definite information was obtained, and it was 
concluded that the culture-solution was too poor in nutrients to 
show or develop any signs of toxicity. 

Vegetable-mould neutralised with lime (p.l68) was then used. 
Each test contained the equivalent of ten grams of dry organic 
matter with an amount of water siifiicicnt to cause the soil to 
adliere loosely to the sides of the containing bottle. This meant 
73% of moisture. It was apparent from the results that the 
mould became too acid for the continued growth of the amaabce. 
Forty thousand were added to each bottle, and, in five days, they 
had increased to 1*6 millions, in twelve days they had decreased 
to 136,000 mobile forms, and, by the twentieth day, they all had 
encysted. While this was going on, the extract, originally 
neutral, became more and more acid, doubtless due to the carlx>n 
dioxide, produced by the activity of the bacteria introduced with 
the amoebiB, reacting with the calcium humate, and liberating 
free humic acid. 

The test was repeated with similar results. On the sixth day, 
the amesbe had increased forty-four fold, and the reaction of the 
extract was - 0*04; on the thirteenth day, the amcebse had 
encysted, and the reaction was +0*1. The bacterial numbers 
gave no information. 

Better results were obtained with an infusion of hay made by 
diluting a 1% infusion with tap-water to make a 0*2% solution. 
Tests were mode on the sixth, twentieth, and forty-second days, 
but, as the two latter gave somewhat normal dilution-curves^ 
they are not recorded. 
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Experiment xxi. 


Soil-proUHEOtin. 

A nut^lja ihnaar. 

Numberx coir 
for alkalini 

Extract, boiled 

575 

575 

Extract, raw . 

100 

100 

Extract, raw, 80% 

387 

277 

Extract, raw, A0% 

902 

489 

Extract, raw, 20% 

3,252 

1,205 

Water-control 

5,522 

1,821 

Bacteria added at ntart 

712 

204 

Extraot/water ratio 

0 018 

— 

Reaction of extract ... 

- 0-38 

-00 


The figures are instructive, inasmuch as they show a consider¬ 
able reduction in the number of bacteria originally added. There 
was something in the solution which was strongly toxic lowaids 
the test-organism added to the extract. It is unfortunate that 
the extract was so alkaline, for this undoubtedly clouds the issue, 
but, even when an allowance is made for it, according to the 
information previously obtained with extract of vegetable mould 
(p.]72), a strongly rising dilution-curve is still apparent. 

The alkalinity was determined by boiling 25 c.c. of the extract 
with 35 c.c. of distilled water and 1 c.c. of centinormal sulphuric 
acid for ten minutes, rapidly cooling the solution, adding 1 c.c. 
of centinormal soda, and titrating back until the tint became 
that of the control Phenolphthalein was used as the indicator. 
It gave a true indication of the reaction in extracts of leaf-mould, 
but, as will be shown subsequently, it is not so good for solutions 
of hay-infusion. 

The experiments so far showed that some means must be 
adopted to eliminate the excessive alkalinity of the fermented 
cultures. On a previous occasion, humic acid had been used, 
but, as it had been soluble, it had not served the desired purpose. 
On standing, however, a solution of the acid had precipitated, 
and this precipitate of insoluble humic acid was washed and 
used. The employment of soil for maintaining a neutral reaction 
was suggested by the fact that, when it is put into hay-infusion 
and incubated, there is developed a mixed flora and fauna, the 
appearance of which is so healthy, that a pronounced acidity or 
glkaJinit^ of the infusion is unlikely. 



BT R. QRStO BMlTH. 


177 


In one test, a small amount of sodium phosphate was added to 
the hay-infusion, but, from the appearance of the amcebe, the 
salt seemed to have enhanced the alkaline effect, at any rate it 
favoured bacterial growth and rapidly destroyed the amoebte. 

The neutralisation of the alkalinity with lactic acid proved to 
he useless, for, in three days, the culture was as alkaline as 
before the addition. 

The advantage to lie gained by using insoluble humic acid or 
soil was tested with solutions obtained by diluting a 1% infusion 
of bay with nine volumes of water, that is they contained ono 
part of bay per thousand. 

Expkrtmknt xxii. 


ProtozTMin 

AnuflM itmoje. 

Medium 

Hay-infuHion with | 
humic acid. l 

Hay-infuHion with emmI 


Te«t 

1 

2 ! 

3 

4 

5 

0 

7 

8 

Duration of test in days 

10 

14 ; 

1 

24 , 

8 

1 12 

1.1 

22 

.36 

Extract, Ixiilcd 

03.1 

' 

m\) < 

0,1.1 

1,74» 

2,160 

637 

3,477 

Extract, raw 

lUU 

UM) , 

IINI 

100 

UM) 

100 

too 

KM 

Extract, raw, 80% 

107 

115 1 

108 

1)7 

151 

106 

87 

122 

Extract, raw, .50% 

104 

182 I 

117 ! 

100 

160 

.313 

100 

100 

Extract, raw, 20% 

80 

203 1 

120 1 

204 

4.51 

665 

156 

404 

Water-control 

oo 

H« ■ 

137 1 

,302 

308 

1,036 

288 

332 

Bacteria added at start 

»*0! 

40 

20 

52 

188 

09 

42 

ai 

Extract/water ratio ... 

1*8 

ri! 

000 

0*33 

o*2r) 

01 

0*34 

0*3 

Reaction of extract . 

f 0 *0 

^0*02; 

1 

-0*04 

1002 

-0*02 

002 

005 

+0*03 


The tests were started with 500c.c. of 01% hay-infusion, either 
a small quantity of washed humic acid (about 0*03 gram) or 25 
grams of sterile soil and 10c.c. of an aroosba-culture. The latter 
represented from 30,000 to 50,000 mobile forms as estimated by 
the counts of later starter-cultures. The amoebie in the earlier 
periods were not counted, but they grew well, and a count made 
on the sixteenth day showed 10,000 per c.o. in the humic acid, 
and 5,600 in the soil test. On the twenty-fourth day, the flasks 
contained 6,600 and 3,600 per c.c. respectively. 

The results show a low reaction, and it was assumed that the 
fluids were approximately neutral. The humic acid tests do not 
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exhibit any pronounced degree of toxicity as judged by the effect 
of boiling, or dilution, or by the relation of the raw extract to 
the water-control. They are of t)ie indefinite type which leadb 
one to further experimenting in the hope of obtaining something 
more definite. 

In the soil-tests, we have a direct evidence of toxicity in the 
twelve days’ culture. The filtered extract was directly toxic, 
reducing the number of bacteria added at the start from 188 to 
100. Tlie effect of boiling the extract for an hour under a con¬ 
denser, and of diluting the raw extract is also well shown in the 
increased nutritive effect. The toxic nature of the twelve days’ 
culture is confirmed by that of the fifteen days*, for, although the 
added bacteria are not decreased, they did not increase. 

A trial was made to see if humus, such as vegetable-mould, 
would be useful for maintaining an approximate neutrality. 
Four grams of lime-treated mould wore tried against 50 grams 
of sterile soil. In fourteen days, the humus test showed a reac¬ 
tion of -0*4, and the soil - 0*03. Humus was therefore useless 
for the purpose. There was no evidence of toxicity in the 
extracts. 

While dilute hay-infusion has been found to bo very good for 
growing the ainmbie, and for obtaining evidence of toxin-forma¬ 
tion, it seemed advisable to see if a simple nutrient would be ns 
good. The preliminary tests in the cultivation of the smorbie 
had shown that they grow well in urea and ammonium chloride 
and, with these, calcium nitrate was included as a nutrient, 
which would probably not produce an alteration in the reaction 
of the culture-medium. Solutions of urea, 0*02%, ammonium 
chloride, 0*036%, and calcium nitrate, 0*066% in tap-water, were 
prepared. These contained equivalent quantities of nitrogen. 
To 500 C.C. of these solutions, 50 grams of soil and 36 c.c. of an 
amcsba-cultuce containing 76,000 mobile forms were added. 
Unfortunately the amoebie did not increase in numbers and were 
rarely more than 330 per c.c. Extracts were prepared on the 
seventeenth day when all hope of their increase had been given 
up. The extracts bad the following reactions, urea, -1*86, 
ammonium chloride, +0*24, and calcium nitrate, +0*04. There 
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was no evidence of toxicity other than could be accounted for 
by the reaction. The experiment did not indicate that any of 
these chemicals would be of any value in the research. 

Thr Influknce or Aeration. 

With the idea of determining the influence of aeration upon 
the prciduction of toxin, a quantity of dilute (0*2%) hay-infusion 
was infected with a culture of amobee, 50 grams of soil were 
added, and the bottle containing the test was attached to an 
aspirator, wliich caused a few bubbles of air to pass through the 
liquid every few minutes. A control-bottle was allowed to stand 
ill the laboratory. They were ordinary litre bottles, and the 500 
c.c. of infusion was 2| inches deep. Portions of the fermented 
liquids were filtered through porcelain on the fifth day, and 
again on tho eighth day, with the following results. 

Knckkiment xxiii. 


Ti'etitineiit 

Aerated. 

Not oi^rated. 

Jhirstion of IcmI iti days 

.> 

K 


8 

Kxtraot, boiled 

.33 

122 

1,6SU 

0,550 

Kxtraot, raw 

\m 

100 

100 

100 

Kxti'sot, raw, HO% 

113 

12(1 

Hr2 

1.37 

Extract, raw, .'M)% 

117 

144 

100 

420 

Extract, raw, 20% 

108 


220 

000 

Water-control ... 

74 

242 

152 

574 

Added at start ... 

17 

21 

.38 

40 

Extiaot/watcr ratio 

I 3 

0*4 

oe 

0.2 

Tteaotiou 

10-2 

+0*00 

-o-oo 

-0-02 


The solutions were twice the strength of those of Experiment 
xxii., but whether this accounted for a slow growth of amosbn in 
the non-aerated test or not, cannot be said. None were seen on 
the fifth day, 330 on the eighth, and 2,300 per c*c. on the 
twelfth. In the aerated test, the amcebflB grew well; 3,000 were 
noted on the fifth, and 9,300 per c.c. on the seventh day. Aera¬ 
tion induced an acid, and its absence an alkaline reaction. The 
acidity was so high on the fifth day that, on the sixth, the aera¬ 
tion was stopped. This appeared to have bad an efiTect upon the 
dilution^curve. 
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The greater growth of ain<eh» and the smaller proliability of 
the production of a toxic effect in aerated cultures raised the 
idea that, like yeast-cells, the reproductive may he inversely 
proportional to the physiological activity. Ho another experi¬ 
ment was started, and, as a variation, a flask was includcMl 
which was infected with a culture of bacteria only, derived from 
a proto9soon-free droplet of a starter. The extracts were tested 
on the sixth day. 

Kxpehiment XXIV. 


Mioio-orgaiiiHin 

iinmx. 

Haoteria only. 

Method 

Aerated. 

Kot aerated. 

Not aSrated. 

Extract, boiled 

1.108 

2,039 

3,453 

Extract, raw . 

100 

lOO 

100 

Extract, raw, 80% 

75 

109 

100 

Extract, raw, 50% 

m 

12.3 

87 

Extract, raw, 20% 

m 

199 

260 

Water-control . 

87 

100 

78 

Adder] at start... 

15 

17*5 

13*7 

Extract/water ratio 

1 15 

ro 

1*27 

Heaotioii 

i-otw 

-oa5 

+0 


The nuinliers bear out the contention that, if toxicity is to be 
obtained, it will not be as the result of aeration. The reaction 
went on as in the previous case, aeration producing acidity, and 
MO aeration, alkalinity in hay-infusion. The examination of the 
culture-fluids showed that the amcrl>ije had begun to encyst in the 
aerated, and that 1,000 mobile forms per c.c. were in the other. 

A further test was made upon the same lines; as a variation, 
a deep layer of fluid was used without aeration in oHer to accent¬ 
uate the conditions. The method at this time had been to use 
700 c.c. of fluid contained in a bottle of about 1,200 c.c. capacity, 
and, in this, the fluid had a depth of 9 cm. In the deep test, 
1,700 O.C. were used, and in an ordinary winchester this had a 
depth of 16 cm. In the latter, the amosbn grew slowly, the first 
indication being obtained on the thirteenth day, when 330 per 
C.C. were noted. On the seventeenth, they had risen to 1,000. 
The aerated test showed 5,300 on the fourth, and, without 
aeration, the first evidence, 330 per c.c., was obtained on the 
eleventh day. 
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Taking the figures as a whole, there is not suflScient difference 
lietween them to justify the consideration that any toxin had 
been produced by the amcBbsp, for rises in the dilution-curve are 
obtained in their absence. Tn view of later experience, the rises 
might well have l>een caused by the reaction of the culture-fluid. 

About this time, it became evident that the method of de¬ 
termining the reaction by the use of phenolphthalein, as the 
indicator, might be faulty when hay-infusion was used, and that 
results based upon the reaction of a medium such as extract of 
vegetable-mould did not hold for another medium, such as hay- 
infusion. The method had been to add a few drops of phenol¬ 
phthalein to a portion of the extract, and bfiil for ten minutes. 
If the solution became purple, another portion was boiled with 
acid, and titrated back. Tf it only lM.»came slightly reddened or 
tinted, it was titrated without Ixiilitig with acid. When methyl- 
orange was employed as the indicator, the reaction-numbers were 
much higher. 

It became necessary to examine the influence of various 
strengths of hay-infusion, as a direct toxic action had been found 
in aOd% solution,“and had not again been obtained in 0*2% solu¬ 
tions. The bottles received 700 c.c. of infusion, 60 grams of 
sterile soil, and 20 cc. of a starter containing 112,000 mobile 
amflobse. 


Kxpkbimknt xxvi. 


Strength of infuBiuii ... 

ot»%. 

«-i%. 

0'2%. 

Duration of test 

5 

H 

7 

10 

7 

10 

17 

Extract, boiled 

CIO 

135 

Tin 

353 

1,016 

2,038 

1.028 

„ raw... 

100 

100 

lOO 

miiji 

100 

100 

100 

„ .. 80% 


111 

04 

219 

98 

425 

111 

•1 *» ®0j^ 

377 

118 

174 

216 

143 

586 

167 

„ » mo ..-i 

liK) 

69 

298 

28 

MS 

136 

250 

Water-oontrol 

122 

61 

210 

80 

400 

154 

181 

Added at start 

16 

8 

28 

11 

51 

20 

28 

Reaot’n, phenolphthalein 

-0-02 

-0*03 

-0 02 

-002 

-0*02 

-005 

-0*06 

,, methyl-orange.. 

-0-52 

-0-28 

-0-32 

-0*30 

-0*52 

-0*30 

-0*62 

Extraot/water ratio ... 

0-8 

1-6 

0-5 1 

ri 

0*2 

0*6 

0*5 

AmosbaB per 0 . 0 . 

000 

1,000 

Hi 


IEh 


hm 
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There was no direct toxic effect in any of the tests, and, so 
far as the possibility of obtaining such by using different 
strengths of infusion are concerned, the strongest appears the 
most likely. The ten-days’ extract of the 0‘2% solution gave more 
favourable numbers than any of the otiiers. In this, the annebip 
were the most numerous. 

A further test with 0*1% hay infusion was made, but in it the 
amcebn did not grow quite so well as on the former occasion 
when the direct toxic action was obtaine<i The counts show'ed 
830 per c.c. on the seventh, and 1,000 on the eighth day. No 
evidences of toxicity wore obtained on the eighth or twenty-first 
days, and it must be concluded, timt a definite toxicity cannot 
be demonstrated by growing bacteria or amcebie in the UHiml 
culture-tluidb. 


Thk Influence or Reaction. 

Much has yet to be found out regarding the influence of re- 
action upon Imcterial growth, and the reason for the rise in the 
dilution-curves of tlie extracts. As the infusions and culture- 
solutions are generally made with tap-water to supply a small 
quantity of saline matter accepted as being necessary for the 
growth of micro-organisms, a beginning was made with it. Tap 
water is known to be alkaline, but the extent of the inilueiice of 
its faint alkalinity is not known. The nutrients were increased 
by preparing infusions of hay, and these were made sufficiently 
weak to enable useful counts to bo obtained. A 1% infusion of 
hay was diluted with 99 parts of porcelain-filtered, distilled and 
tap-water, thus obviating heat-effects. Portions were treated 
with lactic acid and with ammonia so as to bring up the final 
volume to a definite reaction, and sown with a definite number 
of cells of Bac. pradigiomu. They were incubated at 22* for 20 
hours, and counted. In tabulating the results, the highest 
counts were taken as 100. 
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Expkkimkkt xxvii. 


Keachoti. ! 

Dietilled watei. 

Tap-water. 

V0*3 

11 

10 

+ 0*2 

1 \H 


hOI 

44 

100 

H O'OiT 

59 

— 

0*0 

100 

6 

0*0fl 

44 

— 

-0*1 

2N 

0*1 

0*2 

7 

OUi 

^0*3 

0*0 

0*02 

Reaction uf the untreated chlntod infusion 
to methyl-orange 

+0*0 

0*20 

To phenolphthalein, direot 

— 

-0*03 

To phenolphthalein, indirect 

— 

0*14 


The distilled water tost bUowb that the bacteria grow l)efit in 
a neutral solution, and the tap*water test that neutrality is ob* 
tained when approximately +0*1* of acid has been added. The 
curves of those numliers are steep on both sides of the approxi* 
mately neutral line, indicating that a slight difference in the 
reaction of an extract will make a great difference in the growth- 
numbers. Ah it is impossible to obtain a neutral reaction in the 
cultivated extracts, it would be necessary to neutralise them 
before dilution in such tests as have been made. It is not clear 
bow this could be done, for, in the solution under examination, 
the baotoria showed 0*1* of alkalinity, methyl-orange showed 0*1!*, 
phenolphthalein by direct titration after boiling, 0*03', and by 
indirect or back titration, 0*14*. 

llie experiment would be incomplete without the inclusion of 
others showing the influence of diluting distilled and tap-water 
infusions with distilled water, as is customary. 
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Kxi'JcaiMENT xxviii. 



DiHtilliMl water. 

Tap-watfir. 




ruiw 

Boiled. 


a 

h 

a 

b 

Sulution, Ik)i1q(1 . 

26 

_ 

1,020 

181 

,, iitilKiilecl 

100 

I0() 

100 

100 

„ H0% 

76 

K6 

140 

234 

.. » 60% 

— 

42 

l.lflO 

207 

M M m 

27 

IH 

! 2,8H0 

182 

Dintillerl Mater-control 

2 

3*5 

268 

32 

Added at Mtart 

0 4 

2 

M) 

20 

Solution/water-ratio 

47 

1 2S 

0-4 

2-6 

Keaotion to iiietliyl-oiange 

- 0 

1 - 0 

0*16 

-0*24 

Keantion to phenulphihaleiTi, dirwt 

- 0 

1 - d 

- O-OT) 

-0*11 

rteaetion to plieiiolphthalein, imhrec 

~0 

1 

-016 

-0*24 

The boiled tap-water infusion, ** Vi/' 

’ was boiled three times 


Upon HucceBHivc days, as is usual in preparinjb^ such culture* 
media. Tests “a*' were made eleven days bc^fore tests “ h By 
an accident, the tests were incubated at 26** instead of 22* 
as in “ a/’ and this should be borne in mind wheti considering^ 
the increase of the unlKuled numbers over the start. 

The distilled-water iiuinliers are considered to be normal, for 
they show a grailual fall as tlio nutrients are weakened by dilu¬ 
tion with water. The tap-water curves rise as the alkalinity is 
weakened. The numbers of the raw tap-water test indicate 
that, after all due allowances are made, it is of a toxic nature, 
which is probably not entirely traceable to the alkalinity. The 
numbers of the boiled-water test are not so pronounced, and are 
much the same as have been obtained in pre\ious experiments 
with bacterial and protozodn cultures. Ti should, however, not 
be forgotten that many of these gave normal curves. 

A set of experiments were started when it had become evident 
that, in all probability, the reaction had more to do with the 
symptoms of toxic effect than anytliing else. In the endeavour 
to get round any individual action of the bacteria, flasks of 
dilute (0*1%) hay-infusion, made with distilled water to avoid 
the action of tap-water, were seeded with an amcrlMe-culture, and 
with a bacterial culture derived originally from a protosoa-free 
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droplet of soil-suspension. Ttio latter were thus controls. The 
aiDflebse-cultures were twice seeded with ainoDbie, once, at the 
start, and again on the second day, as the first seeding did not 
seem to have been successful. They grew slowly at 18", and 
exhibited a twenty fold increase on the tenth day, and a fifteen 
and ten-fold increase on the thirteenth day with the humic acid 
and humic acid + soil respectively. They were tested on the 
fourteenth day. 

K\i’Kkiai£nt xxix. 


1 

1 Hiimio acid. 

Humic ooid fHoil. 


Atii< elite. 

No 

aiiunbie. 

Ainu-l}jc. 

i No 

1 ani(cbn% 

Extract, raw 

I0(' 

100 i 

HX) 

' 100 

M . ! 

m \ 

I2r> 

184 

18.^ 

Water-control .. | 

m , 

H2 

OH i 

88 

Added ut Htart 

id 

10 

11 , 

10 

Kxtioct neutralised with lactic ociil 

UH 1 

127 

108 , 

24:{ 

Kxtract/water-ratio . i 

1 U'?.** 1 

1 2 

^ 10 ! 

VI 

Hoauiioii to nietliyl-oraiige 

1 -0-15 ! 

1 1 

-0’2H 

-0-21 j 

-0-28 


The addition of soil to the culture-fiuids had no influence, one 
way or the other, in increasing or decreasing the numbers, and 
its use appears to be of no value. The experiment shows pretty 
clearly that any toxic effect is not caused by the amcelw, but 
rather by the bacteria which always accompany the protoxoa. 
It is doubtful if the alkalinity, as indicated by methyl-orange, is 
a true index, but, if accepted as true, the neutralised solutions 
were certainly more nutritive than the unneutralised, for the 
nnmbers were higher. With a better indicator, a lower reaction 
might have been obtained and higher numbers furnished in the 
neutralised tests. At any rate, it is pretty safe to conclude, that 
the rise in numbers upon dilution is largely, if not entirely, due 
to the lessening of the alkalinity of the Altered extracts. 

Rbaction-Kxpbrimbnts, 

The reaction of the soil-extract is never constant, but varies 
from day to day, probably within certain limits. For example, 
an extract was made on November SOth, 1917, by taking *300 
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grams of garden-soil and 300 c c. of distilled water. The two 
were shaken 300 times during an hour, and filtered. The re¬ 
action to methyl-orange was - 0*14, although a pnsU* of the soil 
was acid to litmus. 

A similar extract, made on December 8th, had a reaction to 
methyl orange of - 0*24. This extract was examined, with the 
following results. 


KvCRRtMRNT XXX. 


Soil-extraut, I mi led 


»» 

i» 

*1 

»» 


raw 
.. H0% 

m 
.. m 


Water-coiiti’dI , 
A<ltlc<l at Atart 
Kxtrout/wator ratio 


Sil 

100 

100 

04 

12 

on 

0*7 

208 


tjuantities of lactic acid and of carbonate of soda were added 
to vary the reaction, and the treated extracts were seeded with 
the test-organism in the usual manner. The following numbers 
were obtained after the usual 20 hours’ incubation at 22'' 


KxCKKIMKST XXXI. 


Acid or alkali mided. 

Net reaction. 

1 lincterial gmwth. 

fO'4 


rr> 

+0*3 

HO'OB • 

6*3 

+0*2 

-004 

17 

4 0-1 

-0*14 

49 

+0Dri 

-0*19 

100 

00 

-0*24 

81 

-005 

-0*29 

31 

-o-i 

" 0*34 

15 

-0*2 

-044 

1*3 


The true neutral point was reached by adding 0*06* of acid, 
that is to say, the methyl-orange indication was -0*19 in excess. 

The efibet of shaking up various quantities of soil and water 
was tested, to see the differences in the reaotion of the extracts. 
Hound nninbers were taken, but, as the solid contained 8% of 
moiatuie, a correction was made. 
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1 :2 
1 : 2-26 

-O'12 

-o-noH 

Curves of these numbers show that the reaction of the soi 
water, equivalent to a ratio of 1 : 0*087 for the dry soil to 8% < 
moisture, would be between - 0*4 and - 0'5 for metliyborangi 
and about - 0*09 for phenolphthalein; yet the soil was acid t 
litmus. 

The reaction to phenolphthalein was examined somewhi 
closely, after the suspicion was raised that the reaction of tli 
solution had more to do with the phenomenon of toxic actio 
than had been supposed to exist. It was found to be untriis 
worthy, as much depended upon the rate at which the solutioi 
were boiled, previously to cooling and titration For exampli 


covered beakers containing 50 c.c. of tap-water 
.Hluwly and rapidly, cooletJ atid titrated. 

were boilc 

Duration in unnutes ...| 

1 10 

1 

20 

30 

Slow boiling ... 

-0-022 

-0*048 

-0071 

Rapid boiling .. 

-0-076 

-0*105 

-0*118 


Much, therefore, depends upon the method and time of Uiiling 
in expelling the carbon dioxide. In the testa previously recorded, 
the extracts were boiled in an open beaker for ten minutes at a 
speed intermediate between slow and rapid boiling. They pro¬ 
bably do not indicate the true alkalinity, but, for that part, it 
has been shown that the same would have occurred by using 
methyl-orange. 

A twenty-one-days’ culture of bacteria and amoBbn was filtered, 
and the extract treated with lactic acid in decreasing quantities, 
seeded with the test-organism, incubated and counted. It had 
a reaction to methyl-orange of *0-16*, and to phenolphthalein, 
direct, of - 0*04“, 


Proportion of noil to water, round numbers 
Proportion of 8f>il to water, calculated for dry| 
soil... 


Reaction to methyl-oranf;e 
Reaction to phenolphthalein, direct 


2: 1 

1 : 1 

1 : 0*63 

1 : 1*17 

-0*24 

-0*18 

-0*044 

1 

-0*016 
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RxPKRlilKIIT xxxii. 


] 

l^actic Aoid add«(l. | 

Net reaotioii. 

1 

1 Baoterial counts. 

i 

031 1 

-hOIA 

1 ■ 

8 

0 2tt 

-HI* 10 

19 

0-21 

f-0 0.3 

41 

0 16 

0 0 

40 

0 11 

. U OH 

40 

006 

0 10 

100 

00 

-0 10 

58 


The experiiueiJt shows tliat, iu the ease of » feiiiieiilcd culture- 
fluid, the lesseniDj^ of the alkalinity by O‘06** produced neutrality. 
The methyl-orange indication was -0*10* too high. A high 
indication was also obtained with soil-extract In Experiment 
xxxi., and with tap-water in Experiment xxvii. 

The acidity of the extracts of steiilised vegetable-moulds (Ex. 
periments xv , xvi.) led to an oxaminatiun being made of the 
extracts of soil which had been sterilised in the same manner, 
viz., for two hours at 130*. 

Two hundred gram-portions were put into sterile bottles with 
10 c c. of a suspension of Ammba limax^ containing 10,660 mobile 
forms per c c., and 40 c.c. of water. The soil thus had an ex¬ 
cessive amount of moisture, 20%; it usually contains from 8 to 
10%. The bottles were kept at laboratory-temperature, which 
varied from 18-23*. 

Extracts were made in the usual manner by adding 200 c.c. of 
distilled water, shaking frequently during an hour, and filtering 
through porcelain. Ihe extracts were seeded with Bae, pro^ 
digioBm^ incubated and counted. 

KxPZKiMaMT xxxiii 


Duration of test iu dajrs ... 

a 

1 

1 

f aa 

1 

1 

Kstrsot, raw 

100 

100 

Extract, raw, 50% 

340 

48 

Waier-ooiitrol ... 

1 

1*3 

Added at start ... 

0*16 

0*14 

Extraot/watsr ratio 

110 

168 

Reaotiun to mothj 1-orange 

4-0 a 

-0*8 


14 
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The point to be noted is the change in the reaction of the ex¬ 
tracts It changed from being comparatively strongly acid on 
the third day, to strongly alkaline on the fifty-third. When the 
extract of the latter was treated with lactic acid to neutralise 
the apparent alkalinity, the number obtained was 0*07 as against 
100 for the non-neutralised extract; that is, for every seven 
bacteria in the neutralised, there were 14,000 in the alkaline 
extract. The acid had clearly been added in excess, the - 0*8* 
being far from a true indication. 

This confirms the result obtained in another place, that the 
reaction of a soil extract, as judged by methyl-orange, is not the 
true reaction. Mobile amoebic were seen in the soil uii the fifty- 
third day. 

Ccmluiim .—It has been shown that certain soil-hacteria, 
moulds, and amosbn, all reasonably supposed to be capable of 
furnishing substances of a toxic nature, were grown in various 
media and under varying conditions; and, in all easels, the signs 
of toxicity which became manifest could be attributed to an 
alteration in the reaction of the media. 

The test-organism, Bac. prodigio 9 U 9 ^ grows best in a neutral 
medium, and an indicator is required which will indicate strict 
neutrality. The methyl-orange numbers are too high, and tho 
phenolphthalein too low. Small divergences from the neutral 
point strongly affect the growth. 

The humus of leaf-mould contains two types of humic acid; 
one absorbs alkali from alkaline carbonates, and the other from 
alkaline carbonates and hydrates. These were present to the 
extent of one part of the former to three of the latter. Heating 
the humus increases the amount of acid, and the increase is 
largely soluble in water. 

The effect of reaction is quite of a different order from the 
evidence of toxic action obtained in former researches. 

1 am indebted to Mr. W. W. L’Estrange for kind assistance 
during the later stages of the work. 
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ON CERTAIN SHOOT-BEARING TUMOURS OF KUCA- 
LYPTS AND ANOOPHORAS, AND THEIR MODI¬ 
FYING INFLUENCE ON THE OROWTH-HABR’ OF 
THE PLANTS. 

By J. J. Fletcher and C. T. Mubson. 

(Plates iv.-xxvi.) 

The Euoalypta, representing about 230 recognised species, 
contribute one of the dominant, phanerogamic elements to the 
Australian flora. They are an assemblage of plants remarkable 
in many ways, widely distributed over an entire continent, ex¬ 
tending also to the circumjacent islands; and now accliniatibed 
to some extent in other countries. One of the astonishing 
things about them is the liability of the seedlings of so many 
species to shoot-bearing galls or tumours of an uncommon type. 

Their specially distinctive characters result from a fortuitous 
combination of some simple, natural, and favouring conditions 
present in quite young seedlings. Firstly, they originate in tlie 
axils of the cotyledons only, or, in addition, in a few pairs of leaf- 
axils successively above these, where the buds are, as paired but 
at first independent, proliferating outgrowths of cambium-tissue; 
and, as a rule, the outgrowths, or the axillary stem-nodules, as 
we may call them at this stage, succeed in taking possession of 
the dormant buds, and incorporating them in the stem-nodules. 
This is how the latter, as well as the composite tumours to which 
they may give rise, come to have buds or shoots. 

becondly, the young seedlings usually have opposite end 
distichous leaves; and, correspondingly, the stem-nodules are 
also opposite and distichous; but as, under favourable conditions, 
the latter grow faster than the stem thickens, the paired nodules 
meet and fuse, and the fusions then encircle the stem. 

Thirdly, as a rolob the first and second internodes do not length 
too much or too soon to permit of the ooncreecence of the fused 
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pairs, giving rise to composite, shoot-bearing, stem-encircling 
tumours. The third and succeeding internodes are more vari¬ 
able, but often permit of the addition of a fourth and a fifth 
pair of fused nodules to the concrescence of the first three pairs. 
More ti an five pairs, if developed, are apt to be left isolated, and 
are only of minor or of no importance. Tliree to five pairs are 
the really effective and important ones. 

Fourthly* the hypocotyl is not too long, so that, as the com¬ 
posite, stem-encircling tumour increases in size, and grows down¬ 
wards, it is able to tamper with as much of the root-system as it 
encounters, encircling and fusing with the upper portion of the 
tap-root, and the proximal portions of any lateral roots that come 
in its way, intercepting more or less of the water they may 
contain, at the expense of the seedling-stem, and to the ad¬ 
vantage of the tumour and its inhabitants. In this stage, they 
are composite, stem-encircling, shoot-bearing, root-incoipoiatitig 
[but not root emitting] tumours. 

The stem-nodules of seedlings of refractory species, or of re 
fractory individuals of any species, may not get beyond the first 
stage. In such cases, the proliferation slows down, and the 
axillary stem-nodules come to a standstill. A mild attack has 
run its course without accomplishing anything of importance, or 
inteiiering with the growth-habit of the seedlings. 

Seedlings of susceptible species, from accidental or other 
causes, may not get beyond the second stage, through the com¬ 
posite, encircling tumours failing to incorporate roots. In such 
oases, the composite tumours may last for some time, but not as 
long as those which oan complete the third stage. 

In the Non-Mallee Kucalypts, the last stage may last for some 
years, until the plants are getting ready to enter on the young 
sapling stage, but not indefinitely. In the Malices, however, it 
may persist throughout life, and the tumours may attain an 
enormous size. But the distinction between the two groups of 
Euoalypts does not correspond to inherent differences in their 
tumours, as such; but to differences in the kind of roots incor¬ 
porated in the two cases. In other words, the Non-Mallees have 
ordinary roots; the Malices have water-storing roots. 
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In all three stages, the buds may remain dormant, or they 
may develop shoots, according to circumstances* In tlie first 
case, an appropriate stimulus will readily cause shoots to develop. 
Anomalies, eccentricities, and examples of erratic behaviour are 
common, and very instructive. 

Tn addition to the axillary st^'m-nodules, unpaired, not de¬ 
finitely localised nodules sometimes develop at a lower level than 
the cotyledons, either on the hypocotyl or on the tapro<«t,of some 
seedlings. These are very suggestive of wound-infection, and 
are sometimes obviously pathological. This is particularly the 
case in most seedlings of two of the Blood woods, in which very 
extensive root-invasion may take place. 

Tn all these cases, we cun find no escape from the conclusion, 
that the exciting cause of the nodules is attributable to parasitic 
soil-urganisins, probably of the same species, finding vulnerable 
points for attack under slightly different conditions, and causing 
the cambium-tissue to proliferate and grow outwards. The 
nodules at*e not caused by insects, or other visible parasites. They 
are outgrowths of proliferating tissue, and not natural growths. 
They may be u nuisance to the plants, and may temporarily or 
permanently interfere with the natural growth-habit. More¬ 
over, if possible, when opportunity offers, they are brought to a 
standstill. 

The root-nodules of four young seedlings, of which three are 
figured, in every case have incorporated the basal portion of a 
young root. They suggest analogy to what Beyeriiick has ob¬ 
served in studying the root-nodules of Leguminosie—*‘'Jhe 
splitting of the primary bark for the emission of the side-roots is 
the special means of entrance of B, radicicola ” [Erwin Smith, 
Bacterial Diseases," ii., p.l03J. 

The vulnerability d the axils may be due to a weak spot 
which arises in connection with the differentiation of the buds, 
or which is exposed about the base of the petioles when the 
yoang leaves expand. Until serial, transverse, and supeificial, 
lon^tudinal sections through the axillary region of series of 
seedlings have been studied, it is useless to speculate further. 

In the belief that soil-organisms are responsible for the problem 
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we are intercBted iti, we began a search for records of similar or 
analogous cases. 

Dr. F. Erwin Smith, in the second volume of his important 
treatise on ** Bacteria in relation to Plant Diseases '*(1911), dis¬ 
cusses, in detail, wound-infections (p.51), and also infections 
through natural openings, grouped as nectarial, waterpoie-, 
stomata), and lenticellate infections But we failed to find any 
reference to axillary infections. As we came to know later, 
axillary infections had not then come under the author's notice. 

It was with great interest that we unexpectedly met with a 
paper by Mr Clayton 0. Smith, of Californio, in which he not 
only mentions the possibility of axillary infection in the axils of 
the cotyledons, in stone-fruits, but he gives particulars about the 
axillary nodules of some Eucalypt seedlings which came under 
his notice. We quote all that tbeauthor has to say about these, 
and about cognate matters, for three reasons. The paper is not 
contained in the Society's library, and we know of only one copy 
of it in Sydney. It contains the first satisfactory record known 
to us of the realisation of the fact, that the stem-nodules are 
axillary; as well as the only records, that we know of, of the 
successful inoculation of Australian plants, including Eucalypts, 
from cultures of soil-organisms. It is also of interest to note 
what an experienced plant-pathologist thought of the stem- 
nodules. Mr. Clayton Hmith does not mention the fusion of the 
axillary knots, or that they had shoots, or that they incorporated 
roots. A. tereiieorni$ is the only species mentioned, and seed¬ 
lings of this species are sometimes more or less refractory. It 
may be, therefore, that with only limited material available, and 
without Australian experience of Eucalypts to guide him, be 
may have unknowingly experimented with seedlings that were 
not as satisfactory for the purpose as others might have been. 

Further Proof of the Cause and Infectiousness of Crown 
Gall.' By Clayton O. Bmitb. TJniv. Cal. Publications, College 
of Agrio., Agric. Experim. Station Bulletin No.235 (Dec. 1912). 

“Bacterial ^'ature of [the] Disease” (p.634),—There is now 
abundant proof, that these knots [Crown-Oall on the 30 Hosts 
enumerated] are caused by a bacterial organism that enters the 
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tissue through some injury, or possibly at the point where the 
cotyledons of such seeds as those of the stone fruits are attached 
to the young plant Tn Eucalyptus seedlings, the natural knots 
often appear opposite each other where the cotyledons have pre¬ 
viously been attached, also the quince knots appear first at the 
node al>out the old leaf-scar. All the evidence we have, goes to 
show that some injury or weakness is necessary for infection to 
take place/' 

[liCgend of Text fig.21, p.549J.- ^'Artificially caused galls on 
forest red gum [Kvcalypius tei'eiicomu]* Cn>wn Qall has not 
l>een known to attack the various species of Eucalyptus in nature. 
The significance of swellings found frequently at the crown of 
young guru trees is not yet understood. They do not appear to 
bo detrimental to the tree/' 

Victoria Hottle Tree {Slerculia diverni/biia) [fig.20]« and Flame 
Tree {H. acerifolia) were successfully inoculated (p.552). 

“ Forest lied Gum {E. iertticornia) [fig.21].—Seedlings of from 
four to six feet were inoculated. 1'he first successful inocula¬ 
tions were made May 16, 1910. On March 25, 1912, there was 
one large knot and one very small one at points of inoculation. 
iSeptember 2, 1911, inoculated a seedling about one half inch in 
diameter. February 20, 1912, there were two small knots On 
March 26, 1912, one of these knots had grown rapidly in size, 
the other ha<l not changed.’* 

Inoculations were made on small seedlings, July 20, 1910, on 
the branches. Typical roundish knots or galls had developed 
on ISeptember 5, 1910/* 

[HilkyJ Oak {Grevillea robuata) (p.552), gave negative resultst 

This is probably due to the slow growth of the tree.” 

Under the heading of Other Galle that a/re at preaeni little 
i*n€fortf(M)d(p.552).— Euealy^dtta Anot(pp.053-554)— Galls occur 
frequently on the small seedlings. These are hard knots that 
occur always at the nodes. There will often be a gall on each 
side of the plant where cotyledons or the opposite leaves have 
previously been. We have had small seedlings with these natural 
galls under observation for about three years. In some cases 
there is an increase in size in the knots, which still continue to 
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be bard, and do not in anj way appear to weaken the trees. In 
many cases, the diseased trees have completely outgrown the 
disease, and in these instances there has been but little increase 
in size of [the] original knots. From our observations, the dis¬ 
ease does not seem to seriously injure the growth of the tree. 
Numerous attempts to isolate a pathogenic organism have re¬ 
sulted in failure, although we still believe the galls may be 
caused by such an organism.” 

Quite recently three papers by Dr. Erwin F. Hmith, of the 
U.S. Department of Agriculture, have come to hand, which have 
a \ery important bearing on the problem of the shoot-bearing 
tumours of Eucalypta* I'hese also are to be found only in 
a few libraries. 1 hey are important because they relate to the 
first records of natural, axillary, shoot-ltearing tumours caused by 
soil-organisms; and axillary and other special tumours produced 
by artificial inoculations. We give the following extracts from 
these:— 

Dr. Erwin Smith says in his paper published in August, 1916: 
** Last winter, I discovered that when growing plants are inocu¬ 
lated in the vicinity of dormant buds, a new type of tumor is 
produced. This tumor bears, on its surface, diminulive abortive 
shoots (vegetative or floral) and in its interior, along with the 
cancer-cells, numerous fragments of embryonic tissues, variously 
fused and oriented, often upside down and curiously jumbled 
These tumors have never been seen by the writer in nature, or 
at least if seen, not recognised as crown-gall tumors, but un¬ 
doubtedly we shall now find them.” [Then follows reference to 
p footnote ‘‘As this goes to press, I have bad confirmation of 
this belief, having received from a florist in Massachusetts, a 
crown-gall of the rose showing abortive shoots growing out of 
stem-tumor.”] Dr. Smith continues—These tumors have all 

* Further Evidence as to the Relation between Crown-Gall and 
Cancer," Free. Nat. Acad. Soi. U. 8. A., ii., p.444 (August, 1016). 
''Meoanismof Overgrowth in Plants,** Proo. Amer. Phil. Soo. Philadelphia, 
Ivi., ND.d, p.i30 (August, 1917). “ Embryomas in Plants (produced hy 
Raoterial Inooulations),’* Bulletin Johns Hopkins Hospital, xxviil., No. 
610, p.279 (September, 1017). 
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been produced with BitrUriutn lume/nifiens, . . . The plants 

chiefly experimented on have been Pelargonium, Nicotiana, T.y- 
copersicum, Citrus, and Ricinus. All of these and some others 
(Mangifera, Allatnanda, etc.) have yielded teratoid tumors 
from inoculations in leaf-axils ’’ 

In a later paper, Dr. Erwin Smith refers again to the acci¬ 
dental circumstance which suggested to him the desirability of 
inoculating plants in leaf-axils and growing points, in addition 
to internodes, as he had been doing for years. “We had found 
indeed, as early as 1908-9, and had produced hy bacterial inocu¬ 
lation, plant-tumors liearing roots, but the full meaning of this 
discovery, as related to cancer, did not occur to me until early 
in 1916, when I found crown-gall tumors bearing leafy shoots on 
some of our inoculated hothouse geraniums. loginning with 
this discovery, f made numerous inoculations in the leaf-axils of 
various plants, which resulted in the production of leafy tumors, 
and subsofiuently I produced them on leaves and on cut inter- 
nodes where no buds occur normally. Tumors liearing roots have 
also Ijeen pi*oduced by us on the top of plants, and in one cut 
iuternode of Tobacco I succeeded in producing a tumor whicli 
bore flower-buds. These perishable root-bearing and shoot-bear¬ 
ing tumors I regard as plant-einbryoinas, and have so described 
them [Journ. Cancer Hosearch, April, 1916, p.34l] " 

We have not had access to the paper last mentioned. Hut in 
the Johns Hopkins Bulletin for September, 1917, Dr. Erwin 
Smith has given further particulars, and numerous illustrations 
of the embryomas resulting from his inoculations, together with 
two (fig.63} of “ Pelargonium teratoid tumors originating natu¬ 
rally ... on gardener’s cuttings bedded in earth for propagation. 
The specimens came from a gardener's house near Baltimore. ' 
We give the following brief extract frrmi this paper—“In 
April 1916, 1 announced the discovery of a new type of 
crown-gall, one containing numerous leafy shoots, and showed 

that I could produce it at will by making my bacterial inocula¬ 
tions in leaf-axils where there is a dormant bud.I have 

since discovered that leafy crown-galls occur in nature on various 
plants, , on the vose^ and <m tbe carnation.” 
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If the shoot-bearing, axillary nodules of Australian Euralypts 
are caused by parasitic soil-organisms, under natural conditions, 
then tliey seem to be comparable with the five cases of leafy 
tumours'’[on Geranium, Pelargonium (two), Rose, and Carnation] 
due to axillary infection by the organism causing Crown- 
Gall under natural conditions cited, by Dr. Erwin Smith 

Were it nut that, by a fortuitous combination of circumstances, 
the axillary stem-nodules are able to fuse in pairs, the fused pairs 
to concresce, and the re-inforced, composite, stem-encircling 
tumours tlius enabled to incorporate roots and so last for some 
considerable time or even permanently, both the nodules, and 
any shouts they might develop, would be shore-lived and abortive; 
as they actually are in refractory seedlings; and as the shoots on 
the lower pairs of concrescences also are. 

They are not exactly comparable with the embryomas pro¬ 
duced by Dr. Erwin Smith’s inoculations in leaf-axils and grow 
ing'points. liut the circumstances and conditions in the two 
cases are not parallel. Erwin Smith’s experiments were mostly, 
but not entirely, carried out with soft-tissued plants, which 
responded promptly; the organisms were introduced by needle 
inoculations right into the tissues of the plants, causing profound 
disturbances; and the inoculations were made in upfier axils. 

but in the natural inoculations in the lower axils of the young 
seedlings of Kucalypts, which furnish some of the most valued 
hardwood timbers, we are inclined to think that the organisms are 
confined to the outgrowths, and the encircling tumours to which 
they give rise, and probably do not invade the.tissues of the seed¬ 
lings. The tumours do not kill the seedlings, or even seriously 
damage their tissues. '1 hey are a drag on the normal develop¬ 
ment of the plants, especially so when shoots do not develop, and 
by interfering with the water-supply, and aUo by iheir shoots 
preventing the development of the normal branching. In the 
Malices, so much water is intercepted by the tumours, that the 
seedling-stem is dwarfed; and, by the persistence of the shoots, 
the growth-habit is periuanently distorted, so that the plants are 
prevented from realising their potentialities os trees. The seed¬ 
ling-stem may possibly be sometimes crowded out and got rid of. 
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But the atem-nodules, as well us the composite tumours to 
which they give rise, are complex tumours, composed of hoth 
somatic cells and germ-cells; and the latter are totipotent, 
because in the persistent composite tumours of the Malices, the 
tumour-shoots complete their growth, flower and fruit, and pr(»- 
duceseed. Even in the Non-Mallees, if the seedling-stem is lost, 
two tumour-shoots may take its place, attain to tree-size, and 
flower and fruit. But they do not prematurely disclose their 
embryonic possibilities, in the way that some of Erwin 8mith*b 
artificially produced monstrosities did. Also the production of 
these tumours in Eucalypts under natural conditions is a matter 
of long btauding. The Malleo Scrubs, which must have lieen 
the developments of centuries, were in their prime, when civilised 
man first saw them, nearly 101 years ago. 

^’e may next briefly review the Australian contributions to a 
solution of the problem we are interested in. 'Jheso relate 
chiefly to the Mallees. The earliest dcscnptionsi of the make-up 
of these curious plants, by Allan Cunningham,^ 'I'enison-i^ oodsf 
and Baron von Mueller,^ are subject to the drawback that, when 
these botanists visited the untouched Mallee-Bcrubs, there was iiu 
ojiportunity of seeing uprooted plants. Two of the Baron’s de¬ 
finitions will suffice. Under E. oleosa (Dec. vii.); ** Shrubby or 

somewhat arborescent.Tt is this species which forms u 

large ingredient of the * Mallee-Bcrub,’ constituting tall bushes 
branched from the root.'^ Under E, siricta (Dec. x.): “Shrubby 

or somewhat arborescent.; habit that of the Mullce-Euca- 

lypts, with many stems from one i*oot." 

Mr. J. Ednie Brown,S in 1882, gave his interpretation of the 
“ root” of the Mallees, from which the stems are said to rise, as 
“being apparently a kind of dwarf trunk, the steins of our de¬ 
scription [under B, graeilu. “A Mallee tree with several stems'’] 
representing its branches.'* 

* Oxley's JoamaL (in the entry fur June 10, IH17), p.03 (1820). 

+ **Geologiosl Observations in Houth Australia," p.H3(lK02). AUu, 
i*roc. Idun. 800 . K. S. Wales, vii., p. 5 fifi (1883). 

t **KuoalyptagTaphia," under the various Mallees (1879-84). 

§ Forest Flora of South Australia, Part v.,(l882). 
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A little later, Mr. Tepper, of Adelaide^ ofiered another ex¬ 
planation of it *—^^EucafyptUB olmua is a species with an under 
ground rootstock, from which numerous small stems, generally 
crooked and fienii^sarmentose, spring. When these are destroyed 
by fire, Ac, a host of fresh ones spring up from the caudex.'* 
But no details are given of the characters of the supposed root- 
stock. 

We owe to Mr. N. B. McKayt an interesting description 
of the underground, composite, stem-encircling tumour of a 
Mallee, even though it is incomplete, inasmuch as no particulars 
about the shoots, or the incorporated roots are given We have 
looked in vain, however, for a more satisfactory one. He says 
— ‘*The indigenous timber-growths on the Mildura horticultural 
areas consist, for the most part, of blue bush, ^buil' mallee, 
balar, pine, and needle-bush. . . .A well established bull mallee 
is a problem to the ordinary grubbing contractor. The butt is 
a great flattened bulb of curly timber, sometimes 8 or 10 feet 
through. It is set firmly into the soil, and even if all the roots 
were cut off, the tree would stand in its place just the same, as 
the upper growth is very insignificant compared with the base. 
Chopping mallee out is an obvious impossibility, and, as the 
wood is full of moisture, it would be an endless task to attempt 
burning it out. Dynamite and rack-a^rock have proved equally 
useless. Before, or rather behind, the traction-engine, the diffi¬ 
culty disappears. ...... When all the stumps are uprooted, the 

adhering earth is knocked off, and they are readily burned/' 

Three items in this are worth notice. Firstly, that the butt 
is a flattened ” bulb: that it is to say, it increases in sixe bori- 
xontally rather than vertically. I^ecoudly, it is a bulb of ‘‘curly 
timber”; it is not a case of a simple, localised tbickenii'g of the 
stem, but results from the proliferation of cambium-tissue. 
Thirdly, t)ie wood is full of moisture”: it is a water-charged 
tumour, because of the incorporation of water-storing roots. 

* “ Remarks on the ‘Manna* or Lerp Insect of South Australia.” Joum. 
Linn. Soa Lend., Zoology, xvii., p. 100(1688). 

t Eighth PiOgresa Report of the Royal Oommission (of Victoria) on 
Vegetable Products, 1800. 
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The late Professor K. Tate, in a paper entitlf'd *'A Review of 
the Characters available for the Classificai ion of the Eucalypts/’* 
etc., under the section Habit,” expressed soino views, whieh 
should have provided a new starting-point for considering the 
make up of the Mallees. Unfortunately, they were so severely 
condensed as to be cryptic, and quite failed to influence his 
successors. Tate says— 

The Eucalypti comprise two habits of growth, viz., trees and 
shrubby trees, to which 1 apply the vernacular names of Gumn 
and MalUei, I do not know if I am correct in so doing, as I 
have failed to find any definitions of these well-known terms 
** 1 have constantly observed in seedlings and growths of one or 
two years of such gums, as E, roBlraia^ leucoxylo^*y vtmtn/r/u, a 
large inflation of the base of the stem, eiilu^r at the surface or 
just Mow the surface of the soil. In the species named, this is 
eventually outgrown; but in the malleen, it persists and increases 
in size proportionately with the development of the branchi s 
which are emitted from it—in the mallee, this rudely globose* 
bole is partially subterranean.” 

It is the third and fourth sentences that are important. These 
embody Tate’s version of the problem we are interested in, com¬ 
pressed to an it reducible minimum The chief difficulty arises 
from the fact that no attempt is made to explain the nature or 
the significance of the basal inflations. A non committal name 
is given to them, but they remain of problematical import. Nor 
is any reason given for their being transient in the seedlings of 
Non-Mallees, and persistent in the Mallees. Nevertheless, be 
recognised the diflerence. Apparently his seedlings were not 
young enough to show the axillary stem-nodules befoie they had 
fused in pairs, and the fused pairs had concresced; and they 
were not old enough to show that basal inflations were able to 
incorporate roots. Jt was. preBumably, from necessity, and not 
from ohoioei that he confined his observations to seedlings of 
*‘one or two years.” If he had mentiont-d thiH, and supple¬ 
mented it by pointing out the importance of studying seedlings' 
in trying to understand such complicated structures as the adult 

* Report Aust. Anoo. Adv. Sol., vii., p.544 (18B6), 
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Mai lees present, those who came after him might have been 
induced to follow his lead, and to extend his incomplete observa¬ 
tions. Even what he actually says ought to be sufficient to make 
anyone cautious about identifying the pf^rsistent basal inflation 
of the Mallees as a “ rootstock,” without first investigating the 
transient basal inflations of such Non*Ma]1ees as have them. 

Unfortunately his excessive reticence obscured what merit 
his observations may have; and his Buccessors, in attempting to 
explain the make-up or constitution of the Mallees, either 
adopted Mr Tepper’s idea that the Mallees have rootstocks,"' 
without offering any explanation of their peculiarities; or else 
they make use of one or other of the older definitions, which, 
though excusably deficient when they were first offered, are now 
out of date. 

As far as we can ascertain, Mr. Maiden is the only writer who 
has taken any notice of Tate's statement quoted above. On the 
first page of his ‘^Critical Revision of the Genus Eucalyptus ” 
(1903), the author gives substantially Tate’s views, almost in the 
original words, but without any comment other than **Tbis 
classification is chiefly of practical use in Professor Tate’s own 
State (South Australia) and in Western Australia.” 

In Plate 57, fig.l2 (of Vol. ii.) of the same work (1911), an 
illustration of a young seedling of E. pamculata^ with a pair of 
axillary stem-nodules siill unfused, will be found. Ibis, we 
believe, is the only illustration of a Eucalypt seedling with stem- 
nodules, or any stage of them, which has hitherto been published. 
In the explanation of the IMate (p.l31), fig.l2 is referr^ to as— 

Bulbous Bweliiiig in seedling..This swelling is very com¬ 

mon in seedlings belonging to this genus, and the cause has not 
been investigated so far as I am aware. It is presumably to be 
attributed to the action of bacteria.” Allowing for the fact that 
there is a pair of independent, bulbous swellings, and not mei^ly 
one, and that they are the first stage in the formation of 'J ate’s 
transient basal inflaiion of a Non-Mallee, we agree with Mr, 
Maiden that they are presumably attributable to the action of 
bacteria. But we should say exactly the same about a similar 
seedling of a Afallee, with the first pair of axillary nodules or 
bulbous swellings present. 
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The difficulty which confronts anyone who tries to interpret 
the axillary, bulbous swellings of seedlings of Kucalypts, whether 
Malices or not, and Aiigophorus, from the standpoint that the 
Mai lees have rootstocks, is exemplified by the following quota¬ 
tion from a recent paper by Dr. Hall*—“The origin of the 
peculiar rootstock of the Mallee can be well seen by observing 
the seedling Tn nearly all the Eucalyptus seedlings, and also 
in the Angophoras, there is developed, especially if growth is 
checked, a small woody swelling in the stem at the point of 
attachment of the cotyledons. A number of buds will develop 
on this, and shoots start from them. If the growtli of the seed¬ 
ling proceeds in the form of one main stem, this swelling is soon 
obliterated, but, in the Malice, these secondary shoots grow 
almost as quickly as the main stem, and so, instead of a tree in 
the ordinary sense, we have an enlarged rootstock, from which 
spring numerous stems, all more or less of the same size ” The 
author is here trying to explain Tate's problem of the transient 
and persistent basal inflations of the Non-Mai lees and the 
Mai lees. If the small woody swelling at the attachment of the 
cotyledons of the seedlings of Malices is the initial stage in the 
formation of a persistent rootstock, is not the woody swelling of 
the seedling of Noii-Mallee EucaKptsand Angophoras also the 
initial stage in the formation of a transient rootstock 1 

The following statement from Tubeuf and Smith's “ Diseases 
of Plants” (p.299) may be mentioned. “ Tn the DotanicGarden 
at Amsterdam, the roots of several species of J^ucai^^iun ex¬ 
hibited woody tumours from which pn^ceeded outgrowths re¬ 
sembling 'witches' brooms.' I'hese contained the mycelium of 
an Vniilago which produced spores in the cortical tissues.” If 
the tumours here referred to are of the same kind es those we are 
interested in, we consider that the presence of Ustilago under 
the oircumstances mentioned, is to be regarded as merely in¬ 
dicative of a saprophytic intruder. As pointed out by Erwin 
Smith and his colleagues, a varied assortment of lodgers com¬ 
monly infest crown-galls. 

* “The Evolution of the Encalypts in relation to the Cotyledons end 
Seedlings.” These Prooeedingi, 1014, pA17. 
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NoN'Mallbb Buoaltpts. 

{Seedlings of some apeci*«s of Bucalypts are exempt from 
tumours. We have met with six of these, referred to later on. 
As mentioned in our introductory remarks, tumours, which 
accomplish all they can do, pass through the three stages of— 
(1) axillary, shoot bearing stem-nodules; (2) composite, shoot- 
bearing, stem-encircling tumours; and (3) composite, stem-encir- 
cUng, shoot-bearing, root-incorporating tumours. 

AxUlaiy Five young seedlings, with one or 

more pairs of stem-nodules, with the cotyledons, or some of the 
leaves in aitu^ are shown in Plate iv. The cotyledons end lowest 
leaves have usually disappeared by the time the nodules become 
recognisable, as in the two series of seedlings shown in Plate v. 
When they are absent, therefore, it is to be understood that the 
opposit*^ and distichous arrangement of the nodules corresponds 
to a similar arrangement of the cotelydons and leaves, in whose 
axils the nodules develoi ed. Figs. Al and A2 are seedlings of 
£. eorymboiOt each of which has only one pair of nodules. Both 
nodules of the older one have a shoot with several pairs of leaves. 
Older seedlings of this species are shown in Plate xi. Figs. Bl, 
B2, and B3 are seedlings of E. hemiphloia, one with two, and 
two with four pairs of stem-nodules. These supplement the 
series of the upper row of Plate v.; they are shown here simply 
because they happen to have one or several leaves in §Uu, 

The upper row of Plate v. shows a gradational series of five 
young seedlings of S, hemiphloia not old enough to show more 
than three pairs of nodules. The three youngest (from right to 
left) show the successive development of one, twot, and three 
pairs of axillary nodules. The first pair of the second seedling 
have made good progress, and are obviously more advanced, that 
is older, than the second pair. This is not so evident in the 
third seedling, which has a bend in the axis. The fourth ex¬ 
ample shows a further advance. The nodules of the first pair 
have grown unequally, so that one is bigger than the other, 
though of the same age; while fusion between them has made 
some progress. The second and third pairs have made fair 
progress. The fifth example shows still further advance. 
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The first pair have nearly completed their fusion, except 
superficially; the second pair ara still small; while the presence 
of the third pair, in the axils of the second pair of leaver 
can be made out One shoot has developed on each nodule 
of the first and 8ec<»nd pairs. Another seedling w'ith two 
pairs (HI), and two older ones with four pairs (B2 and B3) are 
shown in Plate iv. The first pair of B3 have made good pro¬ 
gress, and have nearly completed their fusion. Another, but a 
rather poor specimen which could not be photographed while it 
was fresh, with five pairs of stem-nodules, and three root-nodules, 
is shown on the left of Plate xii All the specimens of this 
series were nursery-seedlings; and we have been able to ascertain, 
that seedlings 3-4 months old, with from 4-7 pairs of foliage- 
leaves, may or may not have one pair of recognisable nodules. 
Bush-seedlings of £. corymbosOf about 3-4 moutlis old, will) four 
pairs of foliage leaves, will usually show one pair of recognisable 
nodules, as in fig. Al. 

The lower row of Plate v. shows a similar scries of hush- 
seedlings of A. Bideioxylon, The younger ones show, in order, 
one, two, and three pairs of stem-nodulcs. The fourth shows 
a more advanced stage of three pairs, the nodules of the 
second pair being about as large as those of the first The fifth 
seedling has four pairs. One of the first pair has grown more 
than its fellow. One of the second pair seems to have come to 
a standstill, while the other has grown downwards into the 
interval between the nodules of the first pair, and shows signs 
of commencing to fuse with one of them. The third and fourth 
pairs are still small. 

An interesting growing seedling of F, tereticornuy with three 
pairs of nodules, and no shoots, is shown in Plate vi., fig 2. The 
opposite and decussate arrangement of the pairs of nodules is 
well seen. The first pair have developed well, and fairly equally; 
and have fused basally, leaving only a superficial interval still to 
be filled. The visible member of the second pair is small, and 
seems likely to fuse with the first pair before fusing with its 
fellow. A notched, white card has been placed in position to 
give a white background. 

The total number of pairs of stem-nodoles present in seedlings 
depends on the number of axils affected, and on the age of the 
aaedling. Seedlings of some species, as a ruls^ may have more 
1 < 
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than those of other species at about the same stage; but seedlings 
of the same species may similarly differ. Occasionally one may 
find a seedling of a species liable to have them, and old enough 
to show them, without any at all. One nodule of a pair is often 
missing. Apparently, therefore, sometimes the conditions which 
lead up to the production of nodules fail, or inoculation was pre¬ 
vented, or did not take place. Sometimes, after the first pair, 
the change from a pair of opposite, to two alternate leaves may 
result in the appearance of two incomplete pairs. 

Plate vii. shows a set of miscellaneous, hardy bush seedlings 
from poor virgin soil, which are remarkable for the numbers of 
pairs of axillary stem-nodules present: for the slow progress of 
the lower pairs in most of them, considering how many pairs are 
present, and consequently for delayed fusions and concrescences; 
and for variation in the lengthening of the intemodes. The first 
five (left-right) are somewhat older than might be expected from 
their small size. The fiist three are E. etiyenioicftfs, the third of 
which shows fusions and concrescence of nodules, while the other 
two have done very little oven in the fusion of nodules of the 
same pair. Some of them have shoots. One nodule on the lower 
side is missing from the third pair of the first seedling. The 
fourth and sixth are E, piperita^ and show well, what is very 
characteristic of seedlings of ihia species, numerous pairs, most 
of which are crowded up through the non-lengthening of 
other internodes besides the first and second A later stage is 
shown in Plate xii., 6g.2; but, in this case, matters were com* 
plicated by the death of the seedling-stem at an early stage, and 
its replacement by two tumour-shoots, as is usual; these are 
remarkable for having pairs of axillary nodules (some stage of 
three pairs in each case; the lower ones fairly close together. 
Seedlings of this species sometimes have very shapely, large 
tumours. 

The fifth and seventh are seedlings Af E. hamoBitma, One 
nodule is missing from each of the fifth and sixth pairs of the 
smaller specimen. 1 he larger one shows considerable lengthening 
of the third and fourth intemodes; also a root-nodule (r.n.) from 
which on one side, near the base, a root (r.) emerges, which does 
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not come out very well in tlie photograph. The iiodule.s of the 
lowebt pair furnish a good example of unequal progress. 

The remarkable seedling in Plate x., iig.o, has eight pairs; the 
seventh and eighth are indicated, but had not completed their 
growth when the specimen was secured. This was a pot-seed¬ 
ling, about 2 feet high, and somewhat older than the others 
shown in Plates ix. and x. It is the most remarkable, refractory 
seedling we have seen. 

The remarkable seedling of £, euyenioickSf about 4 feet high, 
shown in Plate xix., has twenty nodules (possibly twenty-two), 
fourteen stem-rnKiules, in addition to the concrescence, compris¬ 
ing at least three pairs (possibly even four); four pairs are in¬ 
complete, one nodule of each having failed to develop— potenti¬ 
ally about twelve pairs. The nodule marked 1 is solitary, and 
was about to fuse with the concrescence. The rest were not 
likely to liave accomplished anything whatever, even in the way 
of fused pairs. Another, fine, but much younger specimen of 
the same species, about 2 feet high, has twelve pairs, but the 
uppermost are not very far advanced, and there are indications 
of some others to follow; the first three pairs have nearly com¬ 
pleted their concrescence. This specimen was obtained too late 
to be included in the series shown in Plate vii. For its total 
number of complete pairs, this is the most remarkable seedling 
we have seen. 

Sometimes, but rarely, an extra nodule makes its appearance, 
80 that instead of the first pair, there is a whorl of three. When 
this happens, the second node may, or may not, also show a whorl 
of three We have four seedlings, two of which show one whorl 
of three; and two have two whorls of three. The explanation 
of this condition is that the cotyledons of both Eucalypts and 
Angophoraa occasionally show anomalies, such as three cotyle¬ 
dons, fused cotyledons, or with one cotyledon paitially or com¬ 
pletely "split." When this happens, the first pair of leaves may 
be normal, or dislocated, or replaced by a whorl of three leaves. 
The significance of these anomalies, for our purpose, is the pro 
vision of an additional one or two axils for the collection of soil 
or dust; or the loss of an axil. 
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Plate xi. shows s series of seedlings of two of the Bloodwoods 
{E* corymhoaa and E. eximia) which differ from any other seed¬ 
lings of Euoalypts that we have seen, in that they have, usually, 
only one pair of effective, axillary nodules, though there are 
sometimes two, and occasionally more in late stages; but they 
almost always have an unpaired, not definitely located nodule 
below the level of the cotyledons. Figs. 1 and 2 represent two 
young seedlings, somewhat older than the two shown in Plate iv. 
One of them has only one axillary nodule; we have other seed¬ 
lings like it. Both are too young to show the unpaired nodule. 
When it does appear, it is sometimes much closer to tlie axillary 
nodules than at others. Occasionally, it is far enough away to 
indicate that it possibly developed on the taproot, rather than 
on the hypocotyl. It seems to be probably a case of wound- 
infection due to a possible tendency of the bark of these young 
seedlings to crack in growing. The nodule extends upwards, 
fusing harmoniously with the fused, axillary stem nodules: and 
grows downwards also, partially, or by degrees, entirely encircling 
the axis. The fusion usually ends abruptly. It may be an inch 
long, or four inches, and in one case about eight inches. In late 
stages, it increases in diameter, but continues to be cylindrical 
in shape. One specimen has two unpaired nodules, one below 
the other. The lower one is evidently a root-development. 

The presence of more than one pair of axillary nodules is 
unusual in E, corymboaa. But we have one advanced seedling 
which has five pairs [first pair (one with a shoot) fused, and the 
fused pair fused with the unpaired nodule, as usual; one nodule 
of the second pair with a shoot, and fused with the concrescence, 
its fellow very small, and solitary; the nodules of the third, 
fourth, and fifth pairs small, unequally developed, and not fused]. 

One seedling of £. setmta (Plate xi., No.6) has two pairs of 
axillary nodules, which is unusual, (though we have another like 
it) and a pair of root-iiodules; but, apparently, the unpaired 
nodule is absent in this case, unless it is represented by one of 
the root-nodules. Both root-nodules have incorporated a root, 
but that of the smaller one was accidentally broken off short, 
and its stump is hidden from view. 
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In seedlings of some species and in some individuals of the 
same species, the axillary stem-nodules appear sooner and pro¬ 
gress faster, than is the case in others, or the period of incuba¬ 
tion is shorter Sometimes this may be due, in some degree, t<» 
unfavourable conditions; but in other cases it seems to be a con¬ 
stitutional matter. Hence, it is possible to distinguish between 
susceptible, and resistant or refractory species, or individuals. 
The majority of the species whose seedlings are known to us, are 
susceptible, some more so than others The best examples of 
refractory species that we have met with are K robusta and F. 
longtfoiiai of both of which we have seen nursery-seed lings in 
quantity; but we have been unable to get bush-seedlings. Ad¬ 
vanced seedlings of these two species are shown tn Plates ix and 
X. The seedling of S. lobusfa^ with eight pairs, (Plate x., fig. a) 
is the most remarkable refractory seedling we have seen. 

Axillary nodules develop not only on the stems of seedlings, 
but also on tumour-shoots, showing that the first few leaf-axils 
of tumour shoots repeat the conditions offered by the early axils 
of seedling-stems. Fig.3 (not numbered) of PI. vi., shows the 
tumour of a seedling of E, resinf/era, whose stem, with one pair 
of unincorporated nodules, and any shoots that may have been 
present, was scorched and killed by a bush-fire. Two tumour- 
shoots, as is usual in such a case if the seedling stem is centrally 
situated, replaced the stem; tlieso were about 7 and 10 inches 
high, and were doing well when the specimen was taken. Both 
have the first pair fused with the tumour. The larger has a 
second pair, unfused, and unequally developed. The smaller has 
a second pair, one only of a third pair, a fourth pair, and also a 
fifth pair. [The numbers on the Plate indicate only the con¬ 
spicuous ones; the fifth pair of the smaller one, not being very 
well shown in the photo, was not numbered]. The tumour itself 
may represent probably three fus<*d and concresced pairs. 

Another case is shown in fig.2 of PI xii. This also is a case 
of two tumour-shoots taking the place of a seedling stem after 
injury, not by Are in this case. Bach of them has three pairs of 
axillary nodules. 

Still another case is illustrated in PI. g^viii. The large tumoujr- 
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shoot at the back, a little to the left of the stem, has six nodules, 
of which four are visible—the first pair not fused; the second 
pair dislocated, probably duo to a pair of leaves becoming alter¬ 
nate; one only of a third pair, and one of a fourth pair, with a 
shoot. Another tumour*shoot, hidden in the photo, also has a 
good pair. 

These three seedlings show, then, that axillary nodules may 
develop on tumour-shoots which develop in the ordinary way, or 
onsecond-growtii shoots, whose development has been accident¬ 
ally stimulated. 

The Until the morphology of the seedlings, 

and the histology of the nodules and composite tumours have 
l>een investigated, one can attempt to interpret macroscopic 
characters only with reserve. The shoot-bearing character of 
the nodules is due to the fact that the axillary outgrowths take 
over and incorporate thedormant bud8(or the bud-forming tissue), 
which, otherwise, would be smothered. But so many shoots 
sometimes develop on a single nodule, or on a fused pair, that we 
are inclined to think that the nodules sometimes carry away 
bud-forming tissue, rather than simply differentiated buds; and 
that the stimulus which is responsible for the proliferation of the 
cambium to form the nodules, may also cause the bud-forming 
tissue to proliferate and spread. 

On the other hand, sometimes the growing nodules fail to take 
over the buds. Three good examples are shown in the two 
Stringybark seedlings in FI. xii. Another is shown on the stem 
of the seedling of flg.l of PI. xiv. Also two others in the re¬ 
fractory seedling, c2 of PI. x.; for the two futile nodules of the 
third pair, and the two branches just above them, belong to the 
same pair of axils. Thei^ are some other examples on the re¬ 
markable seedling in Pi. xviii., particularly the pair of which 
one is numbered 4. In such cases, the bud and tbe nodule 
develop separately; if the bud perishes, the nodule is left stranded 
on the stem. If both develop successfully, it is noticeable that 
the nodule is usually on the outer side of the branch in the ex¬ 
ternal angle between the branch and the stem, fused to both. 
This suggests that, as the nodule develops on the outside of the 
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bud, and between the latter and the attachment of the petiole 
of the leaf, the supposed weak spot in the axils, which makes 
inoculation possible, may arise in connection Mith the differentia¬ 
tion of the bud; or that there may be a weak spot about the 
attachment of the petiole, which is exposed when the leaf ex¬ 
pands; or, perhaps, both are concerned. Serial, transverse, and 
longitudinal sections are required to settle the matter. 

In general, the conditions which favour or retard the develop¬ 
ment of ordinary branches in leaf-axils, favour or retard the 
development of nodule shoots; and, particularly, sufficient room 
to allow of free exposure of the plants to light; and damage to 
the growing-point, or removal of the greater part of the stem. 
Defoliation, under some conditions, may also stimulate the pio> 
duction of nodule-shoots. 

Two very young seedlings of hemiphloia^ with only the first 
pair of stem-nodules present, are shown in figs. Cl and G.2 of 
Plate iv. One shoot promptly developed on each nodule after 
the growing-points suffered injury, in each case. Houietimes two, 
or even three, shoots will develop on at least one nodule of seed¬ 
lings like these. 

PK XXV., fig.l, shows a flourishing pot-plant of E. teretibornis^ 
growing under very favourable conditions, which exhibits pro¬ 
fuse branching, as well as nodule-shoots. 

An advanced pot-seedling of E» hemiphloia, with a well devel¬ 
oped, complete, encircling tumour, without any shoots, was unin¬ 
tentionally neglected, and the pot allowed to become so dry, that 
the leaves wilted, and were castoff. (In receiving atteutiem, the 
plant revived; but, before the new leaves appeared, five young 
shoots promptly developed on the tumour. 

Though the buds usually remain dormant on the nodules of 
refractory seedlings like those shown in Plates ix. and x., injury 
to the growing-point, or removal of the greater port of the stem 
will cause shoots to develop. 

The presence of shoots is of great importance both to the 
stem-nodules, and to the resulting, composite tumours, for 
they are not then entirely dependent on the seedling-stem for 
nutriment. A large, revived, belated nodule (A2), whose fellow 
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Ib missing, is shown on the advanced seedling in PI. xix. The 
seedling-stem («.«/.) perished, whereupon the main nodule-shoot 
took up the running, and this gave tl^e nodule a chance of 
making a fresh start This is the largest, individual nodule ac 
have yet seen. The photo is reduced by somewhat more than 
one-third. Composite tumours at first are usually more or less 
f)yriforn> in shape, especially if they have no shoots, or only 
insignificant ones (PI. xii., fig. on the right). Some of the later 
stages of the E, nd^oxylon-nmen show how the upper portion 
of the tumour fills out when there is a good series of shoots 
round the summit. As long as the shoots last, and continue to 
grow, the composite tumours may be expected to progress pro¬ 
portionately. 

The number of nodule-bearing shoots on a seedling, like the 
number of shoots on individual nodules, if the conditions are 
favourable, is sometimes surprising. The oldest nodules are 
likely to show them first, and to have most shoots. Tbo basal 
pair, or only one of them, will very often show one or more, 
when the others are without them. But the nodules of any 
pair, or one of them, may have shootN, when the others have 
none ' Both, or one, of several pairs may have at least one shoot. 
Or the buds may remain dormant, and no shoots at all may 
develop, as in most refractory seedlings. 

It would be unusual to find more than one branch in a leaf- 
axil, though, of course, there may be reserve-buds. Three shoots 
are often present on a single nodule, but there may be as many 
as seven, or even more, in different stages. Fig. 1 of FI. vi, sliows 
a very attractive bush-seedling of Angopkora lancetAata^ pro¬ 
bably not under two years old, photographed while fresh. As 
shown, it is less than half the natural size, the stem-height 
above the encircling tumour being about 10| inches. The 
tumour is the result of the complete fusion of the first pair only. 
The nodules of the second pair, still very small, unfused, and 
without shoots, are to be seen, rather indistinctly, a little above, 
but there is no third pair. Eight shoots are present, four on 
each side, but two of one grotip are dead. 

An inspection of the figures of the S*. stcifroay^on-Beries will 
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an idea of the way in which shoots develop about the 
Bummit of the tumours, when they arc complete in late stages 
When specimens like these are scorched by a biish-iire, and the 
stem, and any shoots that may be present, are killed, piovided, 
of course, that the underground portions, including the tumours, 
are not hopelessly injured, fresh second growth shoots may come 
up freely, when the conditions become favourable, ^ig.3 of PI. 
vi., is an example of a scorched seedling. Two second-growth 
shoots only are present heic. The growth-habit of such plants, 
especially if they are scorched a second time, or oftener, and 
recover, if they succeed in attaining any size, necessarily is much 
modified. In the quotation from Mr. J'epper's paper, the second- 
growth shoots of the Mallees, under similar circumstances, are 
mentioned. 

The shoots of all the pairs except those which supply them at 
the summit of late stages of the encircling tumours, are doomed 
to perish at an early stage, except under exceptional circum¬ 
stances, bccanse the tumours are gradually pulled underground. 
Even those on the summit cannot last indefinitely, as a rule, 
unless water-storage roots are incorporated. 

The nodules, when quite small, are smooth. As they increase 
in size, the surface liecuines warty, duo to local proliferation. As 
the warty protuberances increase in size, they meet and fuse, and 
fill up the vacant spaces. In this manner, by constant local 
proliferation at the periphery, the nodules, or the composite 
tumours to which they give rise, increase in size. The latter, 
when doing well, are excessively warty. This is indicated in 
some of our illustrations, but the warts do not always show up 
as conspicuously as they do in the specimens. 

The nodules and the surface of tumours, when fresh, are readily 
sliced with a knife; but, when dry, they are bard and woody. 
The tumours when fresh, and doing well, contain a good deal of 
of moisture; but, when drying, gaping* longitudinal cracks, often 
from top to bottom, appear. 

Stages.—Growing nodules very readily fuse with any 
otiier suiteble living tissue with which they make contact; so 
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that finally, when the fusion is complete, there is no visible line 
of demarcation. As the nodules of a flourishing pair prepress, 
they increase steadily in size, growing upwards slightly, but 
more evidently outwards, backwards, and downwards, until they 
meet and fuse, thus encircling the stem. Similarly the fused 
pairs grow downwards, covering up and fusing with the portion 
of the stem involved, until the several fused pairs have con- 
cresced. As the liasal portion of the concrescence grows down¬ 
wards, it Anally encircles and fuses with the upper portion of 
the taproot, and the proximal portions of any lateral roots that 
it may encounter. We have an example of two seedlings grow¬ 
ing so close together that the encircling tumours came into con¬ 
tact and fused. If two such seedlings survived and atrained 
tree-size, they might furnish an example of apparently one tree 
with two stems. 

The opposite and decussate arrangement of the stem-nodules, 
corresponding to the disposition of the cotyledons and leaves, is 
an ideal arrangement for the production of well-balanced, sym¬ 
metrical, composite, encircling tumours, provided—(1) that all 
the pairs of stem-nodules are complete; (2) that the nodules 
develop promptly; (3) that they grow comparatively equally and 
uniformly, and make the necessary fusions, and the fused pairs 
the necessary concrescences, at the right time, and in the rigltt 
way; and (4) that the internodes, especially the lower ones, do 
not lengthen too soon or too much. But if one or several of 
these provisoes fail, the final result will be correspondingly modi¬ 
fied. If plenty of material is available, very suggestive and 
instructive anomalies, of almost every conceivable kind, may be 
obtained. 

Incomplete pairs of nodules are common. If several nodules 
or pairs are missing, any resulting composite tumour will be 
correspondingly smaller. A good example is shown in FI, xiii., 
flg.3, of the £. riebroasy/on^ries (about half nat. size). This is 
a concrescence of the fused first pair and of one nodule only of 
the second pair, and this, though it is included, did not make 
much progress and contributed very little, and is still recognis¬ 
able (in the specimen though not in the photograph). 
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One nodule ini^Hin^ from the first pair, which is chiefly i*e- 
sponsible for the basal portion of the encircling tumour, is a 
fruitful cause of the production of lopsided tumours. An ex¬ 
ample is shown in PL xiv., fig.3, in which the left nodule of the 
first pair is missing. Unfortunately the photograph is slightly 
blurred. A missing nodule from the uppermost pair, may inter¬ 
fere with the symmetry of the summit of the tumour. We have 
a seedling with three incomplete pairs only, one nodule from the 
top and the bottom pairs on the same side being missing. At 
the best, all that these could give rise to, is a half-encircling 
tumour. 

Fig. e of PI. viii., appears to be a case in which one nodule of 
the first pair (on the left) did not develop. The seedling-stem 
having been broken off, a normal branch in the axil without a 
nodule then assumed the erect position, and took the place of 
the seedling stem. The single nodule present, made fair pro¬ 
gress. It shows indications of about a doasen shoots, sumo of 
them dead. The large shoot, just to the left of tlie stump of 
the stem, belongs to the latter. 

Sometimes a nodule, instead of growing downwards and fusing 
with the stem, will grow downwards and outwards, away from 
the stern, even in erect seedlings. Three bent seedlings are shown 
in PI. viii. They have stem-encircling tumours, resulting from 
the fusion of the first pair, which has grown outwards and 
downwards away from the stem There is only one pair in fig.o. 
Figs, &], 52, show some indication of others poorly developed. 
There are no incorporated roots in these specimens, nor, we 
think, was theoe any likelihood of its happening. In arranging 
the specimens for being photographed, some of the lateral roots 
were unintentionally left in unnatural positions. 

Inequality in the comparative rate of growth of the nodules 
of the same pair, as well as in the comparative growth of suc¬ 
cessive pairs, is also a fruitful source of anomalous developments. 
One nodule of a pair may come to a standstill, while the other 
goes on growing; or both may progress, but one of them faster 
than its fellow (os in No.7 of PL vii.). Nodules of the same pair 
may fuse sooner on one aide than on the other; or they may fail 
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to fuse at all on one side. Encircling tumours, as they grow 
downwards, may progress faster on one side than on the other. 

If the nodules do not develop promptly, while the tissues are 
quite young, that is, if the period of incubation is longer than 
usual, the nodules seem to make slower progress, .when they do 
appear. Meanwhile, the lower iiiternodes may have lengthened 
to such an extent that the concrescence of pairs may be delayed 
or even prevented. Angopbora seedlings frequently offer very 
characteristic examples of this kind of thing. 

The B, sidsroo^fiin-series (PL v., lower row, and Pis. xiii >xvii.), 
of which the earliest, the last, and as many intermediate stages, 
as space will allow, are shown, are intended to indicate the course 
of events in a susceptible species. With the exception of the 
tumour in PL xvii., all the photographs were taken when the 
specimens were fresh. They are variously reduced, from about 
one-third to one-half, or even more in the larger ones. They are 
intended to show the composite tumours, with recognisable por¬ 
tions of the seedling-stems and tumour-slioots, and, especially, 
various stages in the capture of lateral roots. 

The smaller of the two crossed seedlings (PL ziv., fig.2) shows 
the first and second fused pairs of nodules concresced; the third 
pair have not yet completely fused; one nodule from the fourth 
pair is missing. The growing-point was injured. The taproot 
is caught between a lateral root and the tumour, so that it can¬ 
not be freed without trimming the latter. There was enough 
soil between the two tumours to prevent fusion. The larger 
specimen has lost its seedling-stem, and two of the tumour-shoots, 
one on each side^ are taking the lead. No roots had been 
incorporated in either specimen. 

The seedling in PL xiii*, fig* i, with a stem-height of 20 inches, 
has three pairs almost completely concresced, and two pairs not 
yet fused. Two roots are just incorporated, and another was 
ready to be. 

The two seedlings on the right (PI. xiii., fig.3) show incom¬ 
plete ooDcresoenoes at the top; and an early stage of the incor¬ 
poration of a root. 

Fig.8 of the same Plate (reduced by nearly one-faalf) is a fine 
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seedling, with a stem-height of 37 inches, the two longest tumour- 
shoots about 13 inches. It is a good example of a small tumour 
resulting from n shortage of axillary nodules. Only three de¬ 
veloped, of which the only one of the second pair (hidden at the 
back of the photo) made little progress, and contributed practi¬ 
cally nothing to the tumour. Small though it is, the tumour has 
captui'ed three good, lateral roots Two others, which were 
accidentally broken off, and whose bases are hidden by the 
lateral root on the right, were about to be captured. The seed¬ 
ling-stem had a good canopy of foliage, and had got well ahead 
of the tumour-shoots, so that it would probab'y have got rid of 
the latter sooner than seedlings with larger tumours. 

The seedling in fig.l, PI. xiv., (reduced by about one-half) has 
a concrescence of probably two pairs, with three incomplete psirs 
above (one of which is hidden). The downward growth of the 
concrescence on one side, is much in advance of that of the other, 
as shown on the left The uppermost is a good example of a 
belated nodule which failed to get possession of the bud; both 
it, and the branch above it, belong to the same axil. Several of 
the shoots have done well. Two lateral roots have been incor¬ 
porated; and several others would ha^e been later on, 

Fig.3 of PI. xiv,, is an example of a lopsided tumour due to the 
absence of one nodule of the tirst pair. Unfortunately the photo 
is slightly blurred. It has not incorporated any roots. Shoots 
are numerous. The seedling-stem may possibly be missing. 

Fig.l. of PI. XV., is a very complete concrescence (reduced by 
somewhat over one-third). Two lateral roots are just incorpo¬ 
rated. 

Fig.2 of the same Plate (only slightly reduced) has the con¬ 
crescence incomplete behind except at the top. One good root 
has been incorporated on the right. The root on the left with 
a bifurcation, and the one above it, would have been incorporated 
if the concrescence had been complete behind. 

Fig.3 of Pb XV., is a good example of a late stage. 

Fig.l of PI. xvi, shows a fine seedling, with a stem-beight of 
ff feet above the tumour. The latter is shown (nat sise) in Pi. 
xviL The strongly developed taproot is now well established, 
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the lateral roots being insignificant by comparison. The seed¬ 
ling-stem has been able to increase its initial lead, and to develop 
its upper brandies, so that their crown of foliage fairly completely 
overshadows the tumour-shoots, preparatory to getting rid of 
them by the process of natural pruning. The lateral roots are 
BO insignificant that the tumour must be largely dependent on 
the seedling-stem for most of its water. When the leaves of the 
crown of foliage belonging to the seedling-stem and its branches 
have overshadowed the tumour-shoots, and are transpiring freely, 
the latter seem to suffer in consequence. When the shoots have 
been got rid of, the tumour, as such, gradually comes to a stand¬ 
still. The tumour of this example is shown in PI. xvii (nat. size), 
and is a fine specimen. 

Fig.2 of PI. xvi., shows the size of two, more advanced seed¬ 
lings, 6-7 feet high, side by side. The one on the left, which had 
got rid of its tumour-shoots, was dug up (inadvertently the tap¬ 
root was cut off rather too short), and held beside a slightly 
taller, undisturl>ed specimen, which bad one shoot left. This 
was afterwards uprooted and examined. It will he noticed that, 
at this stage, the tumour is completely out of sight underground. 
These photos were taken early in October, 1914, at which time 
the plants were about six years old. Three and a half years 
later, other examples of the same batch as those in fig.2, were 
promising saplings 9-12 feet high. 

The last stage of an advanced seedling of E, ter^ticarnu is 
shown in flg.2 of PI. xxi.; this has one small shoot left. The plant 
was uprooted carefully, placed on a stump, and photographed 
immediately. It was growing near the specimens shown in Pi 
xvi. In this case, the seedling-stem appears to be excentric, 
consequent upon lopsided growth of the tumour; and the shoots 
were all on one side. One nodule was not incorporated in the 
tumour. The difference in size between the taproot and the 
incorporated or other lateral roots is well shown. 

PI. XX., shows another but older stage of the same species; but, 
in this case, matters are complicated by the dvath of the seedling- 
stem. A few inches of the latter were in uiin when the plant 
was found, but were accidentally broken off in packing-up a 
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number of specimens. The stump of it is just discernible in the 
photo. Ihere were a number of shoots, but, in this case, one of 
them took the lead, and was 9 feet high. At tlie base of it is » 
remarkable, encircling insect gall. At first, we took this to be 
a case of the fusion of pairs of axillary nodules on a tumour- 
shoot, followed by concrescence^ and that it might bean example 
of what Tate meant, when he said seedlings and ’growths” have 
basal inflations. On cutting it transversely, four radial cavities 
were exposed, two of which contained living coleopterous pupse, 
one in each cavity; the other two contained only exuviie or 
excrement. Apparently, the mother-insect oviposited at intervals 
all round the base of the shoot. 

Of the two advanced seedlings of E.eugewoid^ain Plates xviii, 
and xix , the first has not yet got rid of the tumour shoots, which 
are situated at the back, as the specimen is shown. The other 
one had got rid of them; in this case, the death of the seedling- 
stem gave rise to complications. 

Tate, in his brief way, said that ^oti-Mallecs, which have 
basal inflations, grow out of them Apparently, he was retying 
on experience, and not speaking from observation. The only 
author who mentions what takes place, as far as we can find, is 
Ednie Brown, who in his “Forest Flora of S.A,*^ under E, 
Uueoooglon (Part ii,), says—“ During the first two years of its 
growth, the plant has a low-lying or spreading habit, not at all 
prepossessing in its favour, when looked upon in the light of a 
future timber-tree. About the third year, however, a straight 
and upright ’leader* comes away from the centre of the apparent 
bush, which, after this, soon assumes the form of a promising 
young tree.” 

What is here described as a straight and upright leader, is 
simply the seedling-stein coming into its own, and getting rid of 
the tumour^shoots. Otherwise, if the seedling-stem is destroyed, 
two, strong lenders usually come away; that is two, tumour- 
shoots take the lead, as we have already pointed out, and as is 
shown in several of our Plates. 1 he author was apparently not 
aware of the presence of what Tate, some years afterwards, ^led 
the basal inflation of seedlings of this species. We should think, 
also, that he probably underestimated the age of bis plants. 
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Mallsbs. 

The Mallee-ScFubB of the interior, wliere alone fruitful in¬ 
vestigation oan be carried out, are remote from, and inaccessible 
to ub; and, consequently, our material for the study of the 
tumours of this group is very incomplete. ^Nevertheless, there 
is something to be leanit from it We regret that we have been 
unable to procure seedlings of the big Malices, such as K, olet^sa^ 
IS, (fumom, and several others 

Plate XX., shows four advanced seedlings of three species. 
Figs. Kc and 16 are seedlings of E, Hncirt from the higher part 
of the Blue Mountains (about 3,000 feet), 2^-3 feet high, from a 
batch of seedlings, that we had had under observation for three 
years, from the time when they were too young to show nodules. 
The younger one (la) has five pairs of axillary stem-nodules, the 
concrescence of the three oldest pairs not yet completed. Ihe 
lengthening of the third and fourth internodes has kept the two 
upper pairs apart. Another example^ a()Out the same sise, has 
a more complete concrescence of three or four pairs, then two 
incomplete pairs separated by the lengthening of the internodes; 
and above, two pairs, close together, followed by an incomplete 
pair; but ail these are small, and there are no fusions among 
them. The older one (16) has a more complete concrescence in 
the aspect shown; but one nodule of the first pair is missing (at 
the back), and the encircling tumour is consequently lopsided, 
and smaller than it otherwise would have been. Three and a 
half pairs seem to be present, and a fifth, small pair, doing little, 
are indicated at a higher level. One shoot is present, and one 
root was iii process of incorporation. 

Fig.2 is a seedling of E, J/oorei, about 2 feet high, also from 
the Blue Mountains. The conoresced portion, not quite complete 
at the summit, represents thtee or possibly four pairs. The 
uppermost pair is incomplete^ the nodule at the back missing. 
We have younger seedlings of both species in various stages with 
up to five and six untused pairs. We are inclined to think that 
the slow progress of the nodules of the seedlings of these two 
species is, in some degree, due to the low ground-tempermturee 
and frequent frdsts on the higher part of the Blue Mountains 
during the months of ApritOeteber. 
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Fig, 8 is a seedling of E, from Wyalong, for 

whioh we are indebted to Ur. Cambage—tlie only seedling he 
could find. We cannot make out the presence of iDOi*e than one 
pair of stem-nodules, whioh fused on one side (in front, in the 
photo), but not on the other. The interval separating them at 
the back is about \ inch wide; and there is a depression at the 
top whioh is suggestive of the loss of a branch. The tumour 
bad about eight shoots, and there are three branches low down 
on the stem. No roots had been incorporated. One specimen 
is not enough to enable one to judge whether this is merely an 
exceptional case, or whether one pair is the usual number for 
this species. The ** Mallee-root" shown in PL xxiv., also from 
Wyalong, likewise has a tumour of one pair not fused on one 
side. We do not know the species, hut it may perhaps be £. 
JruiicetM^um; and represent the latest stage of a seedling like 
Fig.3. 

Plate Kxi , ftg.3, shows the most satisfactory example we have 
had from Wy&long (much reduced). This is a specimen of one 
of thesmall Whipstick Mallees {E. viridu) locally called Blueleaf- 
Mallee. For the stage at which it has arrived, it may probably 
be regarded as a fair example of a susceptible Mallee It is not 
as plump as it might be, but it was collected in a drought. It 
was trimmed for convenience in transmission to Sydney, but the 
following dimensions may help to understand its importance: 
stem-heigbt above tumour, about 6^ inches; diameter of stem 
above tumour, length of tumour, about 3}; diameter, 1|; 
diameter of taproot below tumour, The best aspect of it is 
shown; at the back, the downwerd growth is not so satisfiictory 
as in front. The seedlingnatem appears to be excentric beoause 
of the smaller developmaDt on the right side. It has two 
branches low down; and there are three tumour-shoots. Four 
lateral roctf have bean incorporated; but they are insignificant 
in eomparisM with dm wdl-d^velop^ taproot. All the stem- 
hodnlCi hava been included; the oonoresoence may well represent 
five pairs; dmra la a oavil^ neai? the summit^ which appears to 
have bean censed by faoiers. 

. Fig.l of Vi fiaW .the yomigesi oi four easinplei^f E* 
recudved from (iDftwtonately. the stemof 
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every one of these was hopelessly damaged; and consequently 
the specimens are not typical examples, but they are all we can 
get. The youngest ( x ^ about) has the seedling-stem broken off 
short, just above the level of the second pair of stem-nodules, one 
of which is now missing. The nodules of the first pair are back 
and front, and unfused. The posterior one has one shoot. The 
front one also bad one, but this was broken off short. The 
surviving nodule of the second pair developed five shoots, the 
largest of which has two branches, and made good progress. It 
has fused with the nodules of the first pair, and has grown down¬ 
wards to much below the level of the first pair. This nodule and 
its shoots were keeping the plant going. 

Two older examples differ in age. The smaller has half an 
inch of the stump of the stem left. There appear to be two 
pairs of nodules. The first pair made some progress, but did 
not fuse. One of them has three shoots, two of which are 5-t) 
inches long. This nodule was keeping the plant going. One of 
the second pair fused with the nodule with shoots; the other 
made little progress. The bark on the nodules is very thick, and 
adherent. 

The larger one is more diflioult to understand, as the stem is 
almost completely missing. There are shoots up to 10 inches, in 
two places^ on the margin of what is left. There is one pair of 
futile nodules, one much better developed than the other, on 
opposite sides of what is left of the stem, which is about 1 inch 
thick. Both this specimen and the preceding one have a long 
piece of the root intftet. The smaller one has two, nearly oppo¬ 
site^ lateral roots, and one above and one below these, not far 
away. But the larger one has three promising lateral roots at 
difibrent levels, two on opposite sides of the taproot, and a middle 
one in a direction at right angles. An encircling tumour would 
have to make considerable growth before incorporating all of 
them, 

For the large specimen shown in PI axiii., in the natural 
position, as we think (rather than viewed with the taproot 
vertical), we are again indebted to Mr. Cambage. The best 
aspect of it is diown. A farmer, in grubbing u^ the plant, with 
ane Mow from his axe, delivered just behind the base of tto Mg 
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shoot shown in the figure, split ofF a large piece at the back, on 
which there was probably another shoot, situated on the right 
of the base of the dead seedling-stem* At the back, just to the 
left of the mark X on the photo, there is a longitudinal concavity, 
showing*the site* of the missing shoot The remains of the 
original stem, now exhibiting signs of decay, indicate that it must 
have been about 3 inches in diameter when it perished. The 
taproot is well developed One lateral root, with a branch, in , 
seen to the right. This cafi hardly be said to be incorporated. 
At the back, there are four roots or indications of them, one of 
which is incorporated, and one partially, while two others are 
too low down. The development of the shoot present evidently 
stimulated the growth of the tumour all round its base. The 
rest seems to have come to a standstill after the death of the 
seedling-stem. What strikes us about this specimen, is the 
paucity of shoots; and that there is not such a satisfactory 
arrangement of lateral roots, at about the same level, as is shown 
in the specimen in PI. xxiv. The loss of the seedling-stem doubt¬ 
less complicated matters, and makes the interpretation of this 
incomplete specimen difficult. 

S. Bnkriana is described as being sometimes a Mallee, 8-IS 
feet high, and sometimes a tree up to about 3D feet high. Our 
four specimens seem to us to be more or less refractory cases, 
whose root-system is not quite like that of the typical Malices, 
in respect of the main lateral roots advantageously situated for 
incorporation in the encircling tumours. If either or both these 
conditions occur often, such may be responsible for the fact that 
S, B^hriana is sometimes a tree. This species is well worth in¬ 
vestigation with adequate matertaK 

Magarey,* in describing the method of the Blacks in obtaining 
water from the roots of the Mallses^ says^ The roots of these 
wate^trees run out from the stem tor 40 feet to 80 feet, and lie 
at a depth only of from 2 inohes to 9 inohes below the surface. 
The position ol thsM lateral roots is frequently marked by a 
'rise' or *bolge* of the scdl right over the root. The roots are. 

* ^^AnstMllHk Abor^RSi' Wstsr-Qasit" Proa K Gsog. of Aust, 
South AAistnUsaBmiMfii, fit, AkoIUph Aust Amos. Adv,. 

M., Vi., 1805^ p.6t7* 
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eaBiIy raised. A native goes to a water>tree, and tries the ground 
at from 4 ft. to 5 ft. from the stem; or if guided by a *bulge^ or 

a ‘crack/ finds the root at once” (p.69).“Each such 

mallee tree has usually from four or five to seven or eight sido 
roots running out from the stem at a few inches’ depth from the 
surface” (p.70). 

Plate xBii. shows a “ Mallee-root.” We do not know the 
species, but it was one of the smaller ones, and may, perhaps, be 
E, /ruticetorum. It is not a particularly fine specimen, but it is 
the only one we can got. In the absence of any published illus¬ 
tration of the kind, as far as we know, we make no apology for 
showing this one; as there is something to be learnt from it, as 
there is from any undamaged *' Mallee-root.” The specimen was 
placed on its side, and photographed from in front. The scale 
is shown by the rule at the bottom. We interjM^ this to be a 
case of a not quite completely encircling tumomV^esuIting from 
one pair of stem-nodules which fused on one side <at the top of 
the photo), but did not fuse on the otlmr side; hence the breach 
in the continuity of the tudlour (at the bottom). There are four, 
important, more or less fil^risontally running, lateral, water- 
storing robts, two (at the top) coming off very close together; 
and two others (below) at a fairly wide angle. They are almost 
on the same level round the taproot. The tumour, composed of 
only one pair of nodules, was unable to encircle any of them 
completely; but it fused with the upper part of all of tbem, 
sufficiently, probably, to tap the water. The site of the seedling- 
stem is indicated by the light spot, which represents the posterior 
aperture of the hollow, flattened taproot, of which about six 
inches are left. Ilie site of one shoot is well shown, over the 
lower lateral l€ot on the right. The rest of the Apper part of 
the tumour was so badly smashed, that it is difficult to locate 
exactly the situation any other shoots that may have been 
present; but, notwithstpnding the fact that the two upper roots 
are very close together at tbeir junctions with the taproot^ we 
believe that there was erne over each of the other latersl roots. 
It seann» to us, a reasonable conclusion, that an uninjured, flour¬ 
ishing Mallee will, as a rule, have as many sboote aa thmre are 
If^ral^ wate^storing roots wholly or partidly incorporated in 
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the encircling tumour, end that the former are situated over the 
latter. 

In an adult Mallee, the shoots and the stem, if present, are 
all approximately the same height, and diameter. But in the 
seedling shown in PI. xxi., fig.3, the seedling-stem has so far 
maintained its initial lead. There must be some intermediate 
stage, therefore, when the shoots are able to overhaul the stem. 
Possibly this may come about when the lateral, water storing 
roots are sufficiently developed, to supply more water in the 
Aggregate, than the taproot alone is able to do. Such questions 
as these cannot be profitably discussed without satisfactory 
material, and observation on Scrub plants. 

F. Mueller, Maiden, and Cambage, and others, have I'ecorded 
instances of Eucalypts of species which are ordinarily Mallees. 
sometimes being trees; but we have failed to find any explana¬ 
tion of such cases. From our p<iint of view, it is not difficult to 
understand that infection may fail to take place occasionally, or 
that, from accidental causes, or because the individuals were re¬ 
fractory, it may have been followed by little in the way of results. 

The root-waterstoring arrangements of Eucalypts, whether 
Mallees or not, as well as of other Australian plants, in arid 
regions, are in need of scientific investigation. Little is known 
of this important subject, beyond what explorers, travellers, and 
early colonists gleaned from the Blacks, and have put on record. 
Naturally the Blacks chose the roots of the big Mallees. 
But it is a reasonable supposition, in the absence of scientific 
evidence, that the smaller Wbipstiok Mallees also stored water, 
though not on a scale sufficient for the Waoks to attempt to 
eacploit it. Inferentially, all the Mallees must have wateratoring 
rootiiotberiiiseit is inexplicable bow the tumours of the Mallees 
ott keep their shoots, end^^sist. 

rSiMelypts may haws waterstoring roots, however,without 
bring. Mallees. The only author^'^wbo mentions this 101, that 
we ere eware of, is K. U» Bennett. In hie deecription of the 
qhetliud of obtaining water from Eucalyptjpoots, as practised by 
the Aboriginee of tim arid country between the Lachlan and 
jl[Wling Uiveryt^ ^ saye ”The Eucalypti consist of a gum (the 

1883 , ' 
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largest of the back country trees), a box, and a mallee. The 
first-named was the most preferred, as yielding the greatest 
quantity.'* The name of the species is not given, but it is said 
somewhat to resemble ** the red gum in appearance—the leaves 
being narrower and of a silvery colour,” and to grow <*ohiefly on 
sandy or light loamy soil, and throws out numerous lateral roots 
at a depth of from six to twelve inches from the surface of the 
ground.” As the Blacks could not get at the water in the water- 
charged tumours of the Mallees, it is intelligible enough that 
they preferred to operate on the roots of a water storing Qum. 
Tt is desirable that seedlings of this species should be examined, 
BO that it may be determined whether they aiw exempt from 
axillary stem-nodules, or refractory; or, if susceptible, how they 
are able to get rid of the tumour-shoots. Seedlings of some of 
the Eucalypts of Central Australia mentioned in Hpeucer and 
Oillen*a ** Across Australia,” also are well worth Attention, par¬ 
ticularly those otE, ierminalis and E» eudetmouie^, ^oause these, 
perhaps, may be examples of water-storing Gums, like Bennett’s. 

We are not aware that analyses of the root-water of the 
Mallees have been published. Magarey mentions that, when 
freshly obtained, the root-water is clear, but that, aftev standing 
for some time, it becomes discoloured, and turbid (Z.c, p.70). Is 
the turbidity merely due to a chemical precipitate on exposure 
to the air, or is it a biological phenomenon t 

Another matter that is deserving of consideration is, the pos¬ 
sible Hignifloance of the abundance of Lerp-manria on the foliage 
of some of the Mallees, at certain seasons and under certain con¬ 
ditions, as indicating the presence of some form of sugar in the 
si^, likely to be a source of nutriment to parasitic microbes. 
Particulare about its occurrence are given by Tepper, in the paper 
already mentioned; and in the Calalogue of* the Victorian Ex* 
hibition, 186], Report on Class.'iiL, p/2fi, under the head -of 
» Manna.” 

PI. XXV., fig.3, and PI. xxvi., show views of two growing 
Mallees, with as much soil, as was possible with pocket-knives 
and bands, scraped away from the base. The first and second 
of tbe three probably represent E. obasa. They were taken in 
the Scrubs 60 miles north of Adelaide^ by Mr. A. G. Edquist^ to 
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whom wo are indebted for them. The third, in which the band- 
kercliieffi of the party formed the background, is of a Mallee 
{E, sp.) at \VyaloDg, for which we are indebted to^ Mr. W. J. 
Moffiit, who also, most kindly, did his best to obtain seedlings 
at Wyalong for us, and who sent us the Mallee-root figured. 
The published illustrations of Malices, that we have seen, fail to 
give any idea of what is out of sight underground. 

Anoophokas. 

We have obtained good series of seedlings of four species, A, 
iiord\folia^ A. intermettia^ A. lanceolata^ and A, subvelutina. 
They are alike, in that they are somewhat refractory. The stem- 
nodules are slow in appearing, that is the incubation-period is 
longer than in the Kucalypts we know best. Some bush-seedlings 
of a batch, that were over a year old, showed just i^ecognisable 
stem-nodules; but others showed nothing at all. Nevertheless, 
when they are old enough, it would be surprising to find them 
without some. The nodules are not only slow in appearing, but 
they grow rather slowly after they do appear. Hence it is 
common to find examples on which only the first pair have fused 
(PI. vi., fig.l); and one of these often grows more than the other, 
so that the fusions are lopsided. Meantime, the mternodes have 
had time to lengthen, so that, even if there were fusions of the 
pairs above the first, there is little chance of concrescences. We 
have some advanced seedlings, however, which show large and 
complete tumours. Anomalies are oommon. We have one 
seedling with six incomplete pairs, and nothing else. We have 
not seen young root-nodules, like those figured in three Euealy^t 
seedlings; and we have not' seen later stages of ihem in Euca- 
lypts. But we have examples of Angophora seedlings with what 
appear to be late stages, unmistakably on the root, and inoor- 
pociating roots. 

Though, in this paper, we art confining our attentieR to Euca- 
typts and Angophoras, we may just mention that we have speci¬ 
mens of about ten species of other genera which appear to be* 
similarly afflicted. We have been able to gtt young stages, with 
jpaired, axillary nodules, of some of thepD; but it is difflcuh 
get young enough seedlings of the^ t|hers. We hope to o£br 
.aotne observatiouc on these on another oeoanon. 
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List of SpboibSi exempt or liable, as far as known. 

We give a list of the species of which we have seen seedlings, 
or in two cases, of seedlings which have come under the notice 
of Mr. Carobage. We offer this list in the hope that biologists 
in the other States will investigate the condition of the seedlings 
of Eucalypts accessible to them, which we cannot get, and, 
especially seedlings of the Mallees; and record their observations. 

Group i., Exempt ^'psctss.— Six species are known to us at 
present—from the Blue Mountains, S» piluluruf S. 
punctata^ E. sp., from the foot of the Blue Mountains on the 
western side; together with E, giganUa Hooker (S. Dehga/tenMxe 
B. T. Baker), and B. fagtigatcL^ both from the Federal Capital 
Territory [oolleoted by Mr. Cambage]. We have obtained seed¬ 
lings of the first two in abundance; of the third, a fair number; 
of the fourth, only one, but it is a fine example. Mr. Cambage 
has kindly given us four examples of E, gigonteay and twelve of 
E^/asiigaiay most of them quite old enough to show that they 
are free from stem-nodules. 

The seedlings of these six species, os far as we have seen, are 
exempt from stem-nodules. Wo prefer to speak of them as 
exempt, rather than as immune, until their axillary conditions 
have been investigated, and inoculations carried out. The seed¬ 
lings of B, orsodkf, as well as the two lots of Mr. Cambage’s 
seedlings, up to the stage presented, are just ordinary seedlings, 
inviting no comment. But seedlings of B. jnfwfarts, E, punotatay 
and B. sp., as they increase in sise, invariably as far as we have 
seen, gradually come to show a pyriform thi^ening of the base 
of the stem (of the wood to some extent, but especially of the 
bark, as may be seen in transverse sections) over a distance of 
sevml inches, according to age. This is not pathologicali end 
seems capable of a simple expUmatum. The capeoity of the 
rootaystem of these seedlings for receiving tbeetabomted sap 
•eenis to be unequal to the capacity of the stem forddivering it; 
■0 that there appears to be a stagnation of the sqp about the 
base of the stem, such as might be caused by a oonstrictum or a 
(dnotnre. The enlaigement of the stem ends at its junction with 
the taproot, and does not Involve the lateral roots. Transverse 
oraoks af^ieapin dke bark, and flakes often oove away, when 
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large speoimens are dried, though the wood does not crack. But 
the Iarg«», composite tumours of seedlings liable to them, crack 
longitudinally, sometinies almost to the centre, when drying, as 
already mentioned. Mr. Oambage's specimens are not old 
enough to show this development, if they have it in later stages. 

Group ii.—Two Blood woods, eorymboaa and E stetmta, 
which have but one effective pair of axillary stem-nodules, as a 
rule; though other unimportant ones may appear in late stages; 
but .the fusion of this pair, almost invariably fuses with an 
indefinitely located, unpaired nodule at a lower level; and the 
resulting, composite tumour extends downwards, partially qr 
entirely surrounding the axis, and incorporating lateral roots. 

Group iii.—Bpeoies liable to attack, but susceptible or lefrac- 
tory in varying degrees. This group will include all the Mai lees, 
and the three species mentioned by Tate (E viminaliSf E. ras- 
iratOf and S, Uueoxyton)^ of which we have not seen specimens. 

County of Cumberland and the Blue Mountains.— hcemor 
fitomOf E. tereiicoTfiia^ E. Deanei, E. saligna^ E, maeuloaa^ E, 
ru6ufa, B, Lvskmanniana^ B, aquamosa^ B, crahT€^ B. panieldat 0 ^ 

sidarophhia^ B. avda^nxylon^ E, amygdalina^ B. piperita^ E, 
AsmtpMoto, E, long\folia (nursery-seedJings), E. reain^erOf E. 
robuata (nursery-seedlings), B. eapittllatOy K, augamoidea^ E. 
Siaherima^ S, J/oorei, E. etricta; and seedlings of several species 
not identified. We have not been able to get seedlings of E, 
boirgMaa and E, mawlaia, 

Berrima and Moss Vale.— E* amygdalina^ B. eor%aeea\ E, cftess, 
and E. ifamrlAuri [all eollected by Mr. Oambage; who has also.^ 
given as two speoimens of S. cariaeea from Jindabyne, K.S.W>}, 
We are indebted to Mr. E. Cbeel for a fine late stage of E. 
tfis&spiaiMrfrom Hill Top.^ 

Mamlan.—ciiwrsa (Argyle Apple), ^agd fine seedlings of 
three unidentified epecies locally known mg Yellow Bfx, Broad 
Peppermint^ end Snappy or BritUe Oum [oolleoted by Mr. H. H. 
Solomon]. 

Wyalong, N.S.W. — E, AAriama, Jf« E. ftiridia 

[oolleoted by Mr. W. J, Moflht and Mr. Oambage]. 

Queensland.—Axillary stem-nodules have been recorded by 
Mr. Oambage on a seedling of B. poBid|Afiaj* and he has in« 
* Jouro. Pros, k Boa 8. Wslss, lUx.* (Ifilfi). , 
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formed us that he has a plant of B, pt'uiiioBa with stem-nodules, 
in his bush-house, raised from seed, which he collected in Tropical 
Queensland. 

West Australia.—A pot-plant of S, mtt^roeatpa (PI. x., fig.6) 
which ditsd; we are indebted to Mr. A. G. Hamilton for this 
specimen. We have seen a flourishing pot-plant of 
with two pairs of stem-nodules; but were unable to see how it 
compares with the two Blood woods referred to above, in respect 
of the presence of an impaired nodule. 

New Zealand.—In reply to a request, addressed to a friend 
in New Zealand, for information about Eucalypt seedlings laised 
frarn seed there, we were kindly supplied with five, representing 
as many species, from the nursery of T. Horton, Ltd., at Hast¬ 
ings or Pahiatua, we are not quite sure which. They are seed¬ 
lings, from 10-18 inches high, of species that we had not pre¬ 
viously seen. Three are labelled E, Ounnii^ A\ ylcbuluu^ and E, 
Stuariiana, The first has two pairs of stem-nodules; the first 
pair nearly fused, and both have shoots; the stem was broken off 
just above the second pair. The second, though it is the largest 
seedling of the lot, has only one pair, unfused. The third has 
the first pair only, fused on one side. The fourth is wrongly 
labelled fir. ooriacea, as the leaf-characters are diffisrent from 
those of specimens of this species, from two localities, given to 
us by Mr. Oambage. This has the first pair very large and 
warty, not completely fused; one of the second pair very small; 
and a third pair, very small, and unequal in sixe. The fifth is 
labelled Ued-flowering Qum,” with an unfamiliar botanical 
name that we cannot trace in any list of Eucalypts, known to 
us. This has the first pair large, but not fused, on8 with two 
shoots; a second pair, very small, one with a shoot; and the 
third pair still smaller. 

Thw are the first and only seedlings with stem-nedules from 
outside Australia that we have seen; or that we know of, except 
Mr. Clayton Smith’s Californian specimens, already mentioned. 
The in^resting thing about them ifii that they show substantially 
what we are accustomed to see in Austrslian specimens. We 
have not seen any Tasmanian seedlings, but we shall expect to 
hear that seedlings of E» gUibulu$ in Tasmania are liable. We 
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appeal to biologists iu other countries, where fiucalypts ai*e 
acclimatised, to examine seedlings for the presence or absence of 
axillary stem-nodules; and to record their observations. 

The problem, in which we hope our illustrations (certainly an 
advance upon what has hitherto been attempted, though there 
is scope for supplementing them), will arouse some interest, is 
not a simple problem, that can be solved by anyone single-handed. 
Even when the systematic botanist has done his share, the 
problem, in its entirety, requires team-work-- the active co-oper¬ 
ation of the field-botanist, the phytopathologist who is an expert 
bacteriologist, the morphologist, and the biochemist. The time 
is ripe for its consideration. The Mallee Scrubs are steadily 
vanishing in the more accessible districts of several of the States. 
The investigations of Erwin Smith and some of his colleagues, 
on Crown-Qall, reported in detail as to technique, the histology 
of the tumours, i&c., and well illustrated,* are available for the 
bacteriologist as a starting-point. In addition, there are Erwin 
Smith’s ** Bacterial Plant-Diseases” (3 vols* already published), 
besides his numerous papers on the subject of plant-tumours, as 
well as Clayton Smith’s paper; so that there is ample literature 
to l>egin with. 

In Coville and Macdougall’s “ Desert Botanical Laboratory of 
the Carnegie Institution,” in Hornaday’s '^Camp-Fires on Deseit 
and Lava,” and in Vols. xiii.,and xvi., of Contributions from the 
U. S. National Museum, a number of characteristic, North 
American desert plants are described, and in many cases illus¬ 
trated. Some are said to have thickened, underground trunks, 
or to be shrubs with numerous stems from a single root, or with 
several stems clustered at the top of a thick, black root, or with 
numerous stems given off from a thickened root. Some of them, 
to us, are suggestive of the appearance and habit of the Austra¬ 
lian Mallees. If the seedlings of the most reiljierkabie of thrm 
have not been investigated, we would call the attention of 
American botanists to tbe advisability of examining these, in* 
order to test the current interpretatiotis of the adult condition; 

* *'Orown-Oall of Plants; Its Osuss and Rsmedy,'* and *‘The Struoturs^ 
and Devebpnwat of Crown«>Gsll: a Pk^it-j^Mneer.’* BulleUn, NoafilS 
' (lilll) and 255(1912), Bureau of Plant Industry, U.S. Dspt. ^ Agrhmlturs. 
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and to ascertain whether any of them are comparable with the 
Australiau-Mallees. 

We are greatly indebted to our correbpoudeiits at a distance* 
for their kindness and trouble in sending us such material as 
they were able to get. But we are specially indebted to Mr. 
Cambage, not only for material* but for bis valuable help in 
identifying a number of our seedlings, and in other ways. We 
have also to thank Principal Potts for the opportunity of getting 
samples of seedlings of four species from seed-lasdsat the Hawkes- 
bury Collaga which have been of great use to us; and to Mr. A. 
A. Lawson for help in completing our series of photographs. 

Page 191, line SI for length rtad lengthen. 

EXPLANATION OP PLATKH IV..XXVI. 

PigH.Al, A9. - N<idules in sxils of uotylcdoim (A. corifinhoMi), 
Pigs.Bl*B3.--Nodul€H in leaf-axils (E. AewipA/oia). 

Fig8.Cl, 02.-*Nadu]e-shoots after injury to gtowing-points of seedlitiK- 
steniH (A*, hemipkloia), 

Plate V. 

(Upper I'uw, right-left).—Oi-aciational series of five young seedlings, with 
from one to three pain of axillaiy nodules (A. htmipMoio), 

(Uiwer row).—Five similai’ seedlings of if. mtUrojeylon, 

Plato vi. 

Fig.l.—Ktom-enoiioling tiimour, with slioots (^Hpo^oro (aitceolfUa); no 
roots incorporated yet. 

Fig-9.—Three pairs of axillary nodules (A. UrttkomU)* 

Fig.S.—Seeond-growdi tumour-shoots with axillary nodules (A. resta{f'era). 

PUte vii. 

MisoeUsneous, imoarkahle seedlings. (Left-rif^t), 1-3, if. eagensritfes; 4 
and 6, E. piptritU} 9 ukd 7, E. hamoHomai (net. site). 

Plate viii. 

Fear snomakius seedli ng s (a, if. bl, bS, if, h^miphiow; o, A*. 

. ridsroag^HJwt* rise.. 

Plate ix. 

Betraotniy snnrfHnp 1 ff fc^esta) with Iron one to eix, futile nodulesiiaat 
siMfV 

Plates. 

Another eeriee of lefraotoiyeee dllng ii (Left-rlghth a, A rpMa; b, A. 
ma e m m ’pai cl, M, (net. site). 
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Plftte xi. 

(Left*right), 1-4, cor^ymAoMs 3-3, E, eximia; (a, ootyledonary, axillary 
nodulea; ;r, iinpaiml nodttle; r.it., root-nodule); nat. nize. 

Plate zii. 

(Left-right), three root-nodules, r.n« {E^ hemijdUciia); 2, two tuniour-shoutH 
with axillary nodules (E* piperiiaU three examples of failura, on 
the part of the nodules, a\ to capture the buds, ax, aA., {E, 
euffenioides). 

Plates xiii.-xui. 

E, Mtderoxyfon-wrivh oontinued from the lower figure of Plate v. (8ee 
pp.216-210). 

Plate xviii. 

E, engenioidtA ; belated, axillary stem-nodules at nine levels, in addition 
to the oonoreaoenoe (a); (x |). 

Plate xix. 

E. euffentMei: a belated steui-nodule (A2) and its main shoot, getting 
their ohaiioe on the deatli of the seedling-stem (s.sf.). 

Platen. 

E, iereitcornut; enoiroliiig insect-gall on large tumour-shoot (after the 
seedling-stein perished); not. sise. 

Plate xxi. 

Fig. 1.—i?, BeArwna (sometimes a tree). 

Fig.2.—Non-Mallee {E, lereticonM); last stage. 

Fig.3.--A Mallee (J?. WWdis). 

Plate xxii. 

Mallees: la, lb, E, sirida; 2, E^ Jlfooret; 3, E,/ruikdomm. 

Plate xxlii. 

Tumour .of E, Eihrimta; ( x I). 

Plate xxiv. 

A smaU ^*Mallee.Root" from Wyalong, N,8.W, {E, sp.), 

Plate gjcv. 

Fig. 1.—Seedling of E. kntkwnk, with nodole-shoots, and preoooious 
branohing. 

FigtS,—A MAllee {E, olSeom?); pho^ taken 30 miles north of Adelaide. 

Plate xxTi, 

Flgil.-*-A nearer view of the basal portion of the Mallee shown in Plato . 
xxY., Sg.2i the Mil has been son^md away from the baM. 

Flg.SL—BatolporUon of a Mallto {E. •p.)at Wyalong; the soil baa been 
eomjpid away. White baokgroond fomisbed fay handkerabiefs, 
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ORDINARY MONTHLY MEETING. 

Mat 29th, 1918. 

Professor H. G. Chapman, M.D., B.S., President, in the Chair. 

Letters were communicated from Professor S. J. Johnston, 
returning thanks for congratulations on his appointment to the 
Chair of Zoology in the University of Sydney; and Dr. A. B. 
Walkom, returning thanks for congratulations on his attaining 
the Doctorate of Science. 

It was resolved that the congratulations of the Members should 
be tendered to Dr. T. Griffith Taylor, of Melliourtie, on the award, 
to him, of the David Syme Prise for 1918. 

The Donations and Exchanges received since the previous 
Monthly Meeting (24th April, 1918), amounting to 10 Vols., 43 
Parts or Nos., 7 Bulletins, 2 Reports, and 7 Pamphlets, received 
from 42 Societies, and two private donors, were laid upon the 
table. 


NOTB8 AMD SZB1B1T8. 

Mr, Fred Turner exhibited a specimen of Pmuinhum l&ngi^ 
Hoohst., an Abyssinian grass now acclimatised in the 
neighbourhood of Chatswood. More than twenty-five years ago 
the exhibitor found this highly ornamental grass near the old 
battery in the Sydney Domain, but the plants were afterwards 
destroyed daring the levelling of the ground, after the removal 
of the cannons. 

Mr. Froggatt exhiinted an immature specimen of the Spiny 
Stick-lnseet, JblaCesoma tiamUnm Maol., from Rollings Plains, 
a remarkable example of protective mimicry. Also 
spedmens of a cdmmon grass in the Holbrook district, N.8.W., 
very tbiobly infested with the lartm of a Oseidbingfa fly, allied 
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to the Hessian Fly. Inspector F. F. Foster, of the Stock Branch, 
who collepted the speciiDens, reports that it is very abundant. 

Mr. Basset Hulk showed a small collection of Land and Fresh¬ 
water Molluska, obtained by Qutinor F. B. Hull at various points 
in France, on the Western Front. 

Mr. B. Cheel exhibited a series of specimens.—(1) Seedling- 
plants of Hakm daetyloidea and Bank$ia sstrafa from Hill Top, 
Main Southern Line, and specimens of roots from fulbgrown 
plants of Grevillea montana from Hill Top, and (7. fmnieta from 
the Sydney District, to sliow their peculiar roots, which exhibit 
an excessive production of small, fibrous roots, originating, at 
intervals along the main roots, in clusters, somewhat resembling 
the ** Hairy-root Disease of the Apple-tree”; these are being in¬ 
vestigated for Mycorhixa. -(2) Seedling-plants of Tephrona 
yrandiJloTa^ which have a simple ovate leaf, followed by a tri¬ 
foliate leaf, then a pinnate leaf, although only about 2 inches 
high; they have comparatively large, triangularly-shaped nodules 
on the rootlets, measuring from 6-7 mm. across.—(3) Two forms 
of Oxalu eomicnlatun^ with the following distinctive characters: 
(a; Plants with small, pale gre^n leaves, and small, lemon-yellow 
flowers: (b) Plants with larger leaves, which, together with the 
stems, are of a purple or bronxe-green colour, and each petal 
more or less spotted or splashed at the base with four purplish 
marks. Corolla slightly larger, and of a deeper yellow than 
those of (a). It is interesting to note, that Sigeroka Nohara, in 
a paper entitled **Qenetical Studies on Oxclis” (Joum. College 
of Agric. Imperial University of Tokyo, vi., p.l66, 1915), bos 
come to the conclusion that 0. corniculata is a composite species, 
which, so far as his investigations, extending over a period of 
about six years, have shown, includes at least four different 
biotypes. The plants common in^ the Sydney Distoiot agree in 
some respects with those in the neightourbood of Tokyo, but 
the small-leaved form seems somewhat diSbrent from those men¬ 
tioned by Nobara. (4) Bpemmens of loeinuUtfS Willd., 

commonly known as the “Cut-leaved or Pkrsley-leaved Bramble^” 
from near Ksymond Termoe, collected dtrring a reeent visit to 
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KewoMtIe. Tlie plants are fairly common along the roadside, 
about five miles out on the Gloucester Road, and do not appear 
to have been collected since January, 1882, when the late Mr. 
E. Betehe obtained specimens at Gloucester.—(6) Examples of 
Rmu bmettata Wendl., from near Raymond Terrace. Specimens 
identical with the above were exhibited, and recorded from 
Kembla Grange, Cook’s River, and Armidale (These Proceedings, 
1918, p.l37; and 1916, p.6SS), under the name Bo$a turbinata 
Ait.; but further investigation shows that, although they are 
identical with specimens in the National Herbarium from Mont¬ 
pellier under the latter name, the determination is erroneous.— 
(6) Fresh specimens of Styphtlia fub^orti, from CronuUa, show 
ing variation in the colour of the flowers, from creamy-white in 
some plants, pink and cream in others, and the normal blood-red. 
Although the individual plants showed the above-mentioned 
distinctive colours, tliey were growiiy wit||^ a radius of 19 feet 
of each other, and were very marked. 

Mr. Hedley showed a photi^raph of the cenotaph in memory 
of Mi^or A. 0. Innes (ob. 1857), and Mrs lanes (nde Margaret 
Macleay, daughter of Alexander Maoleay; ob. ]868l, in the old 
church at Port Macquarie. Ref|renoe8 to Major and Mrs. Innes, 
and to their home at l«ke Inne^ in 1836, will be found in James 
Backhouse’s “ Narrative of a Visit to the Australian Colonies," 
p.406(1843). 

Mr. A. G. Bbunilton communicated some particulars about 
so^mlled “glow-worms,” probaUy larva of a Tipulid fly, found 
on damn rooky ledges on tiie banks of a creek near Bundanoou. 
They an said to be found also in deserted coal-mines. 

Mr. Waiter a visitor from Adelaide, called attention to tiie 
first Part of the Keoords of the Sou^ Australian Museum, at 
Adelaide, cecently isseed. 


[Printed f/S, June 97tb, 1918.) 
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ON THE SEAkSONAL DTHTHIBUTION OF HOME 
QUEENSLAND HPECTEH OF ARilKLLA 

Bv C. I>. OfLLlKS, M.Hc*., Hiolow Dkhahtmknt, Univkhsity op 
Qukknsland. 


(Commnmra1t*d hy Dt\ 7\ J 

(Witli four lVxt-figur<‘H). 

(1 .) Gkveral 

The Rliizopodaii geuus Arcefla Ehrenb^rj^', is repre»ented in 
the fauna of freshwater pools of Queensland so fur investigated, 
by fouK well differentiated forms, viz, A, rnff/attM Ehr., A. dU- 
Goidea Ehr., A* nitlnUa lioidy, ami A . arUnsrm J^idy. On account 
of the present condition of Khizopodan taxonomy, these terms 
are to be interpreti*d in this paper as follows : — 

A, vulgarin Ehr., small, heinispheriral forms in whioli the test 
may be either smooth or gibbose. 

A. diaMdas Ehr., flat, disk-like sj^HHsies, with the alveoli of tlie 
teat very small. 

A, milrata Leidy, test normally polygonal; alveoli conspicuous; 
pylome with a double invagination. 

A. artoerea Leidy: under this appellation is included a numlier 
of large forms in which, typically, the basal poriioh of the test 
is rim-like. This feature ranges from being well developed to 
absent, but, in a series, there is no questioning the identity of 
the latter variant in spite of the loss of the rim. The fundus of 
the test is hemispherical, and the alveolar markings are con- 
spicuotts. These forms may be regarded as the Queensland 
representatives of the species described by Leidy under this name. 

A, danUUa Leidy, has not been observed, though it has been 
searched for. This maybe on account of its lare occurrence, for 

17 
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Leidy [(2) p.l77|, Kofoid [^1) p.lOO], and Wailes [(8) p.l29J, all 
refer to ita scarcity. 

In this paper are presented the results of a preliminary inquiry 
into the seasonal distribution of the four forms met with in 
Queensland. The various collections examined were preserved 
in weak formalin, and, for identification and counting, an ocular 
of medium power, and a 2/3 objective, usually were found suftl- 
oient. In this investigation, any Arc^Ua-iest not containing the 
organism was rejected. 


Data. 

(1). Brisbane Botanical Ganlens. 

These observations, extending from h*eptember 29th, 1916, to 
29th December, 1917, have been made by the monthly examina^ 
tion of material from a lagoon near the old Bird-House. Gather¬ 
ings were usually taken about the end of each month, but, on 
6th October, 1916, and 12th September, 1917, supplementary 
material was obtained, and, to avoid os much as possible the 
introduction of disturbing factors, the collections were made 
near the northern extremity of the major axis of the lagoon, 
which is elliptical in shape. 


<a) 29th Sept., 191$. 
Aotu^ Na 


(b) 6th Oct, 
Actual No. 

1916. 


counted. Percentage. 

counted. Percentage. 

A, vulgariB ... 

I 

3-6 

0 

0 

A.dx»caid€$ ... 

3 

7-6 

0 

0 

A, mtfrato ... 

3 

6 

16 

16 

A, ariomw ... 

34 

'65 

84 

84 



— 



ToUl ... 

40 

100 

100 

100 

(o) 30th Oct., 1916. 


(d) 28th Nov., 

. 1916. 

A. vulparit ... 

0 

0 

0 

0 

A. discoidu ... 

1 

3 

48 

86 

A. mUraid ... 

20 

40 

7 

14 

A. tirloerta ... 

29 

68 

0 

0 


-p*.. 

— 


—ir. 

ToM ... 

60 

100 

60 

100 
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(e) 28th Dec.» 1916. 


(f) 30th Jan., 

, 1917. 


Actual No. Percentage. 

Actual No. Percentage. 

J, vufyaria 

74 

71-86 

84 

84 

A. dtscoul^^a 

S 

4-86 

0 

0 

A. tniiraUi 

20 

19-42 

13 

13 

A artocrea 

4 

3-88 

.3 

3 

Total 

103 I 

100-00 

100 

100 

(g) 28th Feb., 1917. 


(h) 29th MaFcb, 1917. 

A . vulgaris 

37 

37 

67 

67 

A. discoides 

1 

1 

2 

2 

A, mitraia 

8 

8 

19 

19 

A artocrea 

54 

64 

12 

12 

Total 

100 

100 

too 

100 

(i) 2nd May, 1917. 


(j) Slat May, 1917. 

A. vulgaris 

71 

71 

77 

77 

A, discoides 

4 

4 

6 

5 

A, mitrata 

19 

19 

10 

10 

A. artocrea 

6 

• 

6 

8 

8 

Total 

100 

100 

100 

100 

(k) 2Srd June, 1917. 


(1) let Ang., 

1917. 

A, vulgaris 

41 

40-60 

31 

62 

A. discoides 

0 

0 

3 

6 

A, mUrata 

43 

42-57 

8 

16 

An artocrea 

17 

16-83 

8 

16 

ToUl 

101 

100-00 

50 

100 

(m) Slat ABg., 1917. 


(n) 12th Sept., 

, 1917. 

An vulgaris 

82 

82 

36 

70 

An discoides 

0 

0 

0 

0 

An miirata 

1 

1 

4 

8 

A, mioerea 

17 

17 

11 

22 

Total 

... loo 

loo 

50 

1^ 
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(o) 28th Sept., 1917. 



Actual No. 

Peraenta({«. 

A. vtUj/arin ... 

3 

ai-ia 

A, digeoMes .... 

1 

714 

A . miirafa 

3 

21 

A, a9*ioefW ... 

7 

5000 

Total ... 

14 

10000 


Only 14 Arrellae were count-cd on thiK occasion, consequently 
the percentage vulueH are not so significant as in tlie preceding 
tables. 

(p) 2iid Nov, 1917. (q)30th Nov., 1917. 

Actual No. Pcroeiitage. Actual No. Pei'oentage. 


A. vu/^arnt ... 

6 

18*18 

1 

20 

A, dUcoideg 

3 

9<09 

1 

20 

A.miirata ... 

10 

45 45 

2 

40 

A . ariogi*ea ... 

9 

27-28 

1 

20 

Total 

33 

100*00 

b 

Too 


In figH.I-4, the lines connecting the values of this date with 
tliose of 2nd November on the one hand, and 30th December on 
the other, are broken to indicate that* littje importance should 
be associated with them, as the total number actually counted is 


too small to convey much meaning. On this occasion, Arcelln 
for counting were extremely rare. 

(r) 29th Dec., 1917. 

Actual No. Percentage. 

J. mUgarU 

26 

52 

A. diiooideg 

5 

10 

A. miirata 

14 

28 

A. artoerea 

6 

10 

Total 

50 

Too 

(2). LoeaiUy, Bribie Island. 

J)a(e, early in April, 191A. 

Actual No. Peroantsga. 

* A. vufyam ... 

23 

60*63 

A^mitrato ... 

16 

S6*4;7 

Total ... 

’si 

100*00 
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(3) . LoGoliiy^ Beerburrum. DaU^ 29th June, 1917. 
Two living Arcellis observed, both A, fmlgari$, 

(4) . Locality^ Chelmer. Date^ 29th Aug., 1917. 

Eight living Aroellie observed, all A. vulgariu. 

(5) . Loeolity^ Oraceville. DaU^ 29tb Aug., 1917. 
Twenty-three living Arcelle observed, all A. mdgwriB, 

(6) . Itiicality^ Oooroy. DaU^ 6th Oct., 1917. 

Fifty living Arcell® observed, all A. Artocrea. 

(7) . L^Kolity^ West Burleigh. DaU^ October, 1917. 
Twenty-three living Arcelln observed, nil A. arioerta. 
(6). Locality^ Maryborough. Date^ 24tli Nov., 1917. 
Twenty-two living ArcelJffi counted, all A. mdgari$. 


i09 



Oct Nou Bea Jaa Fck Mse 4fl May JvL Styi Oct.,Naa Dml 

Fig. 1. -Feroeniage-frequenoy of Areeffa vulgaim in Aroellan fauna. Brisbane 
Botanical Qardens: 8ept 29tb, 1910, to Deo. lS9th, 1017. 


(3.) COKOLUBIONB. 

Figs. 1-4 tkve graphical representations of the data given in 
Table i., and each species is graphed separately. It will be seen 
that the polygons are constructed on percentages. In taking 
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the observetions, when the Arcellie were sufficiently abundant, 
100 counts were made; but, on a number of occasions, this was 
not done through the scarcity of the genus, the extreme case 
being in connection with the gathering of 30th November, 1917, 
when only five counts were recorded. 

Fig.l, A, vulgaris. The graph shows two primary minimum 
periods (29th Sept •28th Nov., 1916, and 28th Sept.-? Nov., 1917)^ 
and a long maximum period (28th Dec., I916>12th Sept., 1917) 
with three secondary maxima (30th Jan., 3lBt May, Slst Aug., 
1917), and two secondary minima (28th Feb. and 28th June, 
1917). The highest point of the curve is 84% (28th Jaii,, 1917), 
1111*1 the lowest zero (6th Oct., 30th Oct., 28th Nov., 1918). 


fc. 

to. 

JA 

30. 

30 . 

to. 

0 . 

Oct Nov. Dec. Jan. Feb. Manr Apl. Ma>|f Jun. Jul. Am{. Sep. Oet. Nov. Dec 
Fig.2*—^PoJYwntagie-frequenoy of A. dimiidM in Aroellan hum. Drisbane 
Botanical Gardens: 8ept 2Uth, 1916, to Dec. 2Ulli, IUI7. 

It seems probable that the primary maximum and minimum 
periods are typical for the species in Southern Queensland, 
because, in the occasional material collected in the maximuns 
period Dec.-Sept., the dominant form is A. vulgaris (see Bribie 
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Island, Chelmer, Gracevillc, Beerhurrum, and Maryborough).* 
Furthermorui uiatenal gathered during the minimum period 
Hept.'Dec., shows a difTeretit dominant form (see (*ooroy and 
West Burleigh). A featiii*e of considerable importance in this 
connection is, that the most southerly and the most northerly 
locality are altout 190 miles apart, viz., West Burleigh and 
Maryborougli 

Fig.2, A. diseoides. Thu values in this graph are mostly small, 
and, out of eighteen observations, eleven range from 0 5% (6th 
Oct,, 30th Oct., 28tli Dec., 1916; 30th Jan., *J8th Feb., 39tli 
March, 2nd May, 31st May, 28th June, 31st Aug, 12tli Bept.i 
1917). There is only one promiueui maximum (86%, 28th No\., 
1916). 

Until more data arc c‘ollected in the case of this species, and 
of A. mitralnt it is considered premature to draw coticlusions, 
though there is reason to believe Noveiiilmr isa muxitnum period. 



0ei« Nav* Dec. Jaa Ftk. Mia 4pL Uvf Jun. Jiil. AaJ^ Sap. Oit. Ntv. Oae. 


Flg.8.—INsroenUgo-friKiueiioy of A* mUmtn in Amellan fauna. UriHlianc 
Botonioal (laidcns 1 Sept. 20th, 1010, to IJoo. 20th, 1017. 


Fig.3,il . mUratfi, Three maxima are present (30th Oct., 1916; 
28th June, 2iid Nov., 1917) and of these, two (30th Oct., 1916, 
and 2nd Nov., 1917) occur during the maximum period of A, 
vtUyaris* On only one occasion did the percentage fall below 
5% (1% Slat Aug., 1917). It is tlie most consistent form of the 

* 94tb Nov. is iiuffioiently near December to be indiided in the maximum 
period. 
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four, AS it occurs tliroijglioiit tlic year, and its numerical range 
is llic least {nfr Talite ii.). 



T VIII.K 11. 




\alueH. j 

1 

Ijowesl \alurH. 

Katigc. 

A. niltftiriM 

1 

Cloth .Ian.. 1017)1 

0% 

84 

.‘I, i/twrw'/'* 

86% (28th Nov., 1017)' 

0% 

86 

.1. /jnOw/rf 

4«% CAifl Nov , l»I7) 1 

1% 

4.5 

A. itiitM'n*! 

K.*tV S<-|>(.,IUIH); 

0% 

Hr* 



-Fciwiitoi^c-fnxiuenoy of A, afittemi in AiveUan fAuna. ISrishaiic 


IJotanioal (UitlenH: 8vpt. 1910, to Doe. 20th, 1017. 

A, arioerm. Three iiiaxium are present (29th Sept, 
1916, 28th Feb., 38th Sept., 1917), the highest point of the 
curve being 86% (29th Sept., 1916), while the lowest is zero (28th 
Nov., 1916) Tlie period Septeinber-Octuber seems to l>e a, 
doiniiiaiit one for this form in Southern Queensland, as it includes 
two of the maxima, viz., 29tli Sept., 1916, and 28tb Sept., 1917;, 
and in material from Cooroy and West Burleigh (see 6, 7) gath- 
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ered in Oetober, 1917, the otdy living Aredla preaeat were A. 
artoerea. FarthermoFe, the two localitieB are about 130 miles 
apart. A|;ain in the occasional material collected outside the 
period SeptemberOctober [$ee (2), (3), (4), (5), (8), tbe dominant 
form is A. vulgaris, not A. artoerea. 

tt is hoped by tbe collection of more data that deductions may 
be made in connection with A. dis&ndei and A. mitrata, as well 
as in supplying confirmatory evidence in regard to A. vulgaris 
and A, artoerea. 
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ON THE JiEAF-ANATOMY OF SCj^VOLA CHA^SSIFOLIA, 

WITH SPECTAJ- REFERENCE TO THE EPIDERMAL 

HECRETTON. 

By Maimokik iRABBL C0LLIN8, B.Hr., (Syi>.), Dknonrtratou in 
Botany, thk Univbkhity op Adklaidk. 

(Platen xxvii.^xxviii., and nix Text-figuit{n.) 
rNTRODUCrtON. 

iicmmla croHB^olia forms a prominent element in the sand-dune 
dora near Adelaide, where it occurs in association with Spinifex 
hivButuB^ with such shrubs as Olearia axi/faris, Ltiuecpogo^i 
Uichti^ etc., and with smaller plants such as Fslargnuium auB- 
imh^ Lotu$ amti*al%$^ (Enoihera biennu (introduced), and Seneeio 
lauiUB (8, p.5d4). 

In habit, S, croBaijolia is a low, spiwding shrub, which is 
able, by lateral growth, to occupy large areas of the dune. Its 
older woody steins form a dense undergrowth, in which a quantity 
of blown sand and dried leaves of Posidonia are accumulated, 
thus helping to build up the dunes. S, craaB^folia is able to 
survive burial in sand by an upward elongation of the stem, and 
by the development of adventitious roots. 

Owing to the extreme stickiness of the buds and young leaves, 
the varnishing or lacquering of the surface of older leaves, the 
dullness of surface, and the succulence of mature leaves, it was 
thought that an examination of the leaf-anatomy would prove 
interesting. The investigation was carried out in the Botanical 
Laboratory of the University of Adelaide, at the suggestion of 
Professor Osborn, to whom I am much indebted for his constant 
help and encouragement. 

Sdhmart 09 pRKviovs Inykstigations. 

Despite its particular interest, the N.O. Ooodeniaceie has 
received but seant attention at the hands-of botanists. As early 
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*8 1876, Ve6que(5) published an Hocount of the anatomy of 
Goocknia iwata, which, however, was restricted to an investiga- 
tiuii of the anomalous stem-structure. With this, he coinf>ared 
the stems <»f Scusvola erasstfofia, 5. Plumitri^ S, microcarpa, and 
S. 9pine0ce?i$f but there is no investigation of leaf-anatomy in 
any of these species. 

In the Systematic Anatomy of the Dicotyledons (i., p.471), 
Solereder gives a brief account of the leaf-structure of the 
Ooodeniaceffi, Imsed upon his own observations of Goodenia 
oeofd, SMxATa radicaw^^ Semaol-a PlnmiAri^ and Dampi^ra 
Arotmti, and upon those of Briquet in the case of Antttotiia. 
He records that the stomata may cjccur upon lx>th surfaces, or 
upon the lower surface only, and that tlie number of subsidiary 
cells, when these are present, is four, two of which are placed 
parallel to the pore, the other two being applied to the narrow 
ends of the guard-cells. In form, the leaf is found to be typically 
bifacial, as exemplified by Bampiera Bxowxiiiy but is sometimes 
centric, as iti Sc<Biixda /Vutntct*t. Hilicified groups of cells are 
common, in the formation of which certain epidermal and the 
adjacent inesophyll-cells take part. As well as the ordinary 
clothing-hairs, which are characteristic of most members of tlie 
Orrler, peltate, glandular hairs have been observed in Goodenkb 
ooa4a and Sctevola PUtmieri* These are described as being 
“ shortly stalked, peltate glands, the shield of which consists of 
a few cells separated by radial walls.” 

The above account is a summary of our present knowledge of 
leaf-anatomy in the Gkiodetiiaceie. It is interesting to note that, 
in none of the plants hitherto investigated, has any copious, 
epidermal secretion been described. In iSi. cra$$ifoiia^ however, 
the buds and young leaves are coated on both surfaces with a 
thick layer of sticky resin, which is secreted by numerous, 
stalked, glandular hairs. 

The secretion of mucilage or rasiii, or both together, has long 
been recognised as a method of bud-protection. Groom ( 2 ) has 
given an interesting account of the mucilage- and resin-secreting 
organs of buds. This work is restricted to those plants which 
bear '^oolleters” or “villi” on thesUpales. These ** colleters,” 
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which are almost invariably pear-shaperif multicellular Ixxlies, in 
which a peripheral pnliNaH«»>layer Mocretes the mucilage or resir), 
are only functional in the hud, and fall oft* with the stipules. 
Only in one case —that of Warmia Aurbidj^n^Dilleniacese)' does 
Oroom record an instance of the secretion being derived from 
glandular hairs on the leaves themBelves,ibut,of this, no descrip¬ 
tion is given. Volken8(6), however, has clescrilied many pla)its 
in which the secretion is not only derived ft*om glandular hail's 
on the leaves themselves, but is also produced for a long periixl 
of time, sometimes til) maturity of the leaf. Tt is to Volkeiis 
that we owe what knowledge we have of leaMacquering ’’ as a 
Kurophytic adaptation, 

in the present investigation, the development of the leaf is 
traced from the earliest stages to the mature condition, with 
special reference to the glandular covering in the juvenile state, 
the function, and fate of its seci^tion. 

Mokphuloov up tur Shoot. 

A shoot of Scmvofa cmsH/oha is chara(*terised by the \ertica] 
arrangement of the leaves, which is consistent from the leaves in 
the bud U» those farthest away from tlffc growing apex. The 
leaves arc ail «)Vate, more or less toothed, petiolate, the base 
lieing closely applied to the stem on its upper .side. The leaf- 
teeth are more marked in the bud and young leH\ es than in the 
matui*e leaves, in which they are often obliterated by secondary 
increase in thickness. The terminal bud is small, and, during 
the growing season (August to October, the Spring months about 
Adelaide) it is hidden by the rapidly expanding young leaves. 
Tiater, when this activity ceases, the bud is hidden at the base 
of the most distal leaf. The leaves in the bud are not folded 
about one another; they are opposite and vertical, the morpho¬ 
logical upper surface of one leaf being closely glued to the upper 
surface of the next youngest leaf. 

The whole growing r^ion of the shoot in S,eraHgi/o!%a is 
covered with a stioky secretion, which gradually dries up farther , 
away from the stem-apex. As the leaves become expanded from 
the bud, they increase rapidly in •suriaoe-area, and later lose 
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their extreme stickiness. 'J'hey are, at this stage, characterised 
by glistening patches of drying secretion, which give them their 
varnished or lacquered appearance. 

The mature loaves are large, thick, and succulent, and present 
a dull surface. Despite the fact that the secretion tends to dry 
up on the expanded portion of the older leaves, the leaf-base is 
always distinctly sticky, even in the mature leaves. In this 
manner, the axillary buds are covered by secretion. 

The young flower-buds are borne in dense, terminal spikes. 
As is usual in the Qoodeniaoen, the calyx is inconspicuous, and 
the corolla protects the essential parts of the flower. In S. 
era$$\folia^ each flower is situated between two bracteoles, and 
is subtended by a bract, which is glued to the exposed surface of 
the bud by means of its sticky secretion. The glandular haira, 
from which the secretion is derived, are of the same nature as 
those on the leaves. 

DlSTKlUUTlON OP TllK ACTIVKLY SBCRRTINO GlaNDB. 

It is in the buds that the glandular hairs reach their maximum 
development. Upon examination of a section through the apex 
of a shoots it will be seen that the rudimentary leaves, even 
before they are completely differentiated from the stem-apex, are 
provided with numerous, closely-set, mature, actively secreting, 
glandular hairs. These hairs are more abundantly developed on 
those surfaces which are exposed earliest. In the bud, there is 
a continuous production of glandular hairs, the various stages in 
development being found mingled with the mature glands. These 
developmental stages are n^ restricted to the youngest portions 
of the bud, nor to any particular part of the leaf, but, as will be 
seen later, apparently any epidermal cell up to a certain stage in 
development, may form a gland (PI. xxvii., fig.l). In this 
manner, new glands are provided to keep pace with the increase 
in surfaoe of the leaf, the secretion of which will prevent the 
sticky coat from being broken at any point. 

Once the young leaves are freed from the bud, glandular hairs 
are no longer formed; up<m such leaves only, l!he mature con¬ 
dition is found, The distance between these glands tends to 
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increase as the leaf-surface increases in area by the di£ferentia- 
tion of the leaf-tissues. Tn the older leaves, the glands lose 
their activity, except as mentioned above, in that region where 
the leaf-liase clasps the stem. There, the glands remain active 
throughout the life of the leaf. A section through this region 
shows an abundant development of glandular hairs of the same 
nature as those on the young leaves. By the activity of these 
glands, the axils of the leaves are filled with secretion, and pro¬ 
vision is made for the protection of the axillary buds. At the 
junction of tlie stem and leaf-base is a circlet of long, multi¬ 
cellular clothing-hairs (PI. xxvii., fig 2;. These were tested for 
resin and mucilagi*, with negative result. 

Thr Dbvrlopurnt or thr Glands. 

That the glands are hairs, is evinced in the manner of their 
origin from a single epidermal cell. Any epidermal cell may 
form a gland. The cell enlarges, the nucleus divides, and a 
horizontal wall is formed separating two cells, the uppermost of 
which becomes considerably enlarged and spherical in outline 
(Text-fig,I,a). A second, horizontal wall cuts ofF the rudiment 



Test-flg.1.—StacN(a-9)intlMd«TeIopmentof thai^MiduUrlwin; (xsaO). 
of the aUlk at the baae of the apberleal eel), which latter Ja 
destined to heeome the head-cell of the gland (Teat-eg.1,6). At > 
this stage, either a seoond stalk-cell is fonnsd (Text-<lg.l, 0 ), fol- 
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lowed by a median, vertical division in the head-cell (Text-figJ,t*), 
or the latter division takes place Imfore the formation of the 
second stalk-cell (Text-lig. l,(f). A third stalk-cell is now formed, 
either preceded or followed by the ultimate divisions in the head, 
cells (Text-flK.l,/,^).. 



a b 

a, Nurfnc'e-view of a niatiire alnnd; /», fiai't of ntH'lion throuali 
young leaf, t<i show crowding of iimtuir glandN, and overlapping of 
shields; (x 

The head of the mature gland forms a shield of eight cells, 
only four of which are seen in transverse^ section (Text'flg.3,o). 
The shield, which is ultimately reflexed at the sides, is borne 
upon a stalk of three tiers of cells, the two lower tiers being 
composed each of a single cell, while the upper is composed of 
two cells, which giv)w out laterally to support the head-cells 
(Text-flg.2,6). 

Thr Nature of the Srcrrtton. 

The seci'etion, whicii covers both upper and lower surfaces of 
the leaf, is a yellowish, translucent, homogeneous substance, 
which is soluble in alcohol. It is very sticky when fresh, and 
gives the characteristic red colouration of resin when tested with 
Alkanna root-extract. A test for mucilage, carried out with 
oorallin-Boda, gives a n^ative result. The secretion reaches its 
maximum thickness in the bud, every available space l)etween 
the young leaves being filled up. This fact, which is probably a 
result of the oontinuoua production of glands in the bud, indicates 
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that tlie secretion of resin in S, erasHifoliniH primarily concerned 
with l)ud-protection. 

Tile secretion is still mobile upon the young leaves outside the 
bud, but since no new glands are being formed to keep pac*e with 
the increase of leaf-surface, it iieeomes spread out over a greater 
area and, consequently, more attenuated. The thickness of the 
Aim of secretion varies in different parts of the same leaf, in 
leaves of different age, and in different plants. It often reaches 
a thickness nearly twice the height of the glands, i e., ab.iut 
76/£. (Pi. xxviii., Ag.3). 

In the older leaves, the glanils lose their activity, the secretion 
becomes less mobile, and, in drying up, cracks along radiating 


lines. Tt is at this stage that 
the leaves present a lacquered 
appearance. The glands, being 
no longer functional, cease to 
grow, whilst the neighbouring 
epidermal cells enlarge consider¬ 
ably, and, as a result, the glands 
ultimately appear to he sunken 
(Text-Ag.3). The dried secre¬ 
tion falls off when the leaf 



reaches its succulent condition,I 4 l»^*>dular hah* in 
8in»ll patches, of negligible « mature Wf; (s «a.). 


quantity, being restricted to the region of the glands. 


ThS DRVKLOPMEN'r OF THR BtON.4TA. 

It is obvious that any stomata which are present on the young 
leaf coated with its sticky secretion, cannot be functional. In 
correlation with the rapid growth of the leaf-area, new stomata 
are continually being formed. Thus, in a section parallel to tlie 
surface of a young leaf, all stages in development of the stomata 
may be studied, as well as a small percentage of stomata which 
liave already reached maturity <Text*flg.4). 

So1ereder(4, Vol, ii., pp. 1079-1080), when classifying stomata, 
refers the Ooodeniaoew to two groups; (1) where there are no 
subsidiary cells, and (2) where subsidiary cells are formed par- 
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allel to the pore Tn S cras^^olia there are no suhaicliary cells. 
A single epidermal cell divides by an oblique wall into two cells 
of unequal siae. The larger of these cells remains an epidermal 
cell, while the smaller is the inothercell of the guard-cells. The 
only further division which*takes place is that which forms the 
t^o guard cells. The ntatut*e stoma is surrounded by a variable 
number of epidermal cells (Teat.flg.4(f). The stomata reach 
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Text-fig.4.—StOKW (a*c) in the development of the stomata, os seen in 
transverse section of yoiing leaf: a, initial stage, showing mother- 
cell of the gnard'Oells; A-r, showing development of two guard-cells; 
no pore is formed; d, surface-view of young leaf, showing stages 
in development of stomata; (x 300). 

their full development when the flow of saoretion has ceased. 
Those which mature first, are rendered functioniess, for a time 
at least, owing to the blocking of their pores with resin. It 
seems highly probable that many of those stomata, in which a 
plug of resin is found enclosed in the stomatal aperture^ will 
never function (PL axviii., flg.4). Only those stomata whidk 
are belated in development, and are freed before reaching matu¬ 
rity, by the drying-up and oraeking of the resin, are entirely 
unblocked by the secretion. 

Ip tboee plants with lacquered leaves, which y<dkqni(fi> de* 
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scribed, such as species of Braehylmia^ Baceharig^ EttcallMM^ etc., 
the stomata are belated in development; and, in a few cases in 
which the socretinn remains active until maturity of the leaf, the 
btoinuta become elevated until they project abovtt the surface of 
the secretion. Tlie mature stoma of i^*. crastt^^dia remains at 
the Kurface-level of the leaf. There is little of interest to remark 
in the structure of the mature stoma, a small, outer uhaml>er 
being formed in the usual way, by an overhanging lip of cuticle. 

Intrrnal Devblopmknt of the Leaf. 

As in the case of the stomata, the development of the leaf* 
tissues IB lielated. in a young leaf just freed from the bud, there 
IN iiQ internal diilereiitiatioti 
except tliat of the vascular sys¬ 
tem. The leaf, at this stage, is 
made up of a compact mass of 
rounded cells, tlie vascular 
straud.s occupying a median 
position. It is only when the 
secretion becomes less active, 
that diffei'entiation of the leaf- 
tissues takes place 

The fully-grown loaf of S, 
r,rag9^\dia is very thick and 
succulent, owing to the devel- 
upiiient of secondary, water- 
storage parenchyma. The epi¬ 
dermal cell-walls show a great 
development of celiulosc, but 
are only moderately cuticuJar* 
ised. There is no spongy ineso' 
phyll, the greater part of the 
leaf being made up of several 
rowb of (wliwidiHHslk- A tis- T«xt-fl«.S.-«eotioii of moture leaf 
sue of rounded oellHi Umongai .hawing oocmri'cnw of branched 

which ai*e situated the vascular muoilag^s-oellii hi the palisule- 

strands, occupies a median pOsi- thaae; (x 800 ). 

tiou in the leaf, and is bounded on either side by, sometimes, lis 
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many as five rows of palisade-celts. This central tissue is re¬ 
markable in the very old leaves, as its cells become enlarged, 
lose the greater part or all of their chloi*ophyll, and take on the 
functiuu of water>storago. Those cells iiuiuediately surrounding 
the vascular strands are the first to assume the new function 
(PI. xxviii., fig.5). From this central, water-storage tissue and 
from the palisade tissue, special water-storage organs, such os 
mucilage cells and water-storage trachcides are diliercutiated. 

MmUfme-ceUs.-^Jw the early stages of diflFereiitiation, certain 
cells, particularly in the palisade-regioti,"develop mucilaginous 
walls. Thesev cells keep pace with the growth in thickness of 
the leaf by branching in all directions, producing, thus, a peculiar 
and striking result (Text-fig.5). Text-fig.6a shows one of these 
branched mucil age-cel Is swollen after treatment with potash, and 
stained with coralliii-soda to show successive deposits of mucilage 
ill the cell-wall. 



with oorsllln-Boda, to show atiatifioation of muoilage; (x B30): 6, a 
group of water-storage traoheides from the eentral tissue of the 
mature leafi (x400). 

IFotor-storvipe iraehrideif .—Restricted to the central tissue arc 
special water-storage tracheides occurring both at the bundlC'eiida, 
and in groups, quite independent of the bundles. They are of 




Ur MARJORtR IBABRI. COLLIKB. 


2ft7 


the type with thickened waiU bearing transversely elongated 
pits (Text-fig.6,6\ 

At tfio midrib, the tissues of tiie leaf merge a compacts 
chlorcnchyma of rounded celle. The vascular strands are sti eiigth- 
ened on botli the upper and lower surface by a bundle uf fibres. 

Crystals of calcium oxalate are found in the cells of the leaf in 
very stiialJ quantity. 

Conclusion. 

The secretion of resin by glandular hairs in the bud and young 
leaves, and the lac(|ueriiig of older leases by the ultimate drying- 
up of tliis secretion, have been shown by VolkcnH(6) to \te peculiar 
to some xcropliyiic plants. Hcmmla emsst/bfin, being a saiid- 
tluue [ilaiil, may lie regai'ded as a xeropliyte. 

The chief ecological factors with which a diiiie plaiit has to 
contend,have been suiurnarisod byCow]es(2, pp.]07-12i). They 
arc, (1), intense illuiniiiation, l>oth direct and rcflccte<l; (2), the 
great divergence in the temperatureextremes, which is still 
further iiici*eascd by the low specific heat of sand; (3), the drying 
action of the wind, and the injurious effects of wind-blown sand; 
(4), the porous nature of the sand, and its consequent low water- 
capacity. The third and fourth of these factors are, perhaps, 
llic most potent. Tti South Australia, liowever, the first factor 
may have some considerable importance, since there are often 
periods of several days with cloudless sk^, while the glare from 
the sun is still further intensified by the whiteness of Cite coastal 
sands. 

As we have seen, erasBiJidia is able to survive burial in sand 
by an upward elongation of the shoot, and by the development 
of adventitious roots. By virtue of their thick, sticky secretion, 
the buds and young leaves ai*e protected from desiccation, as are 
also the older leaves, owing to their succulence. A further pro¬ 
tection from intense illuiniiiation is suggested by the yellow 
colouration of the seoretion* The polished surface of older leaves, 
caused by the partially dried secretion, also serves to reflect 
certain rays of light. 

The low water-capacity of the sand is compensated, to some 
extent, by the water-storage tissues of the older leaves. 
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Hummart. 

i. Scasvola crM8%fi>lia is characterised by the development of 
pdtate, glandular hairs, which secrete resin in great quantity, 
ThoftC hairs reach their maximum activity in the buds and young 
leaves. 

ii. As tlie leaves become older, the glands Ijecotne less active, 
the secretion loses its mobility, dries up, and gives the surface 
of the leaf a lacquered appearance. 

iii. The mature leaves of ^V. cmsaifolut are thick and succulent. 
The glands are sunken, and no longer fuiK'tional on the blade of 
tlie leaf. They retain tlieir activity only in the region of the 
leaf-base, protecting tlie axillary buds. Special xerophilous 
adaptations ai*e found in : 

(а) . The secondary increase in sise of the epidermal cells 

(б) . The massive development of palisade-tissue. 

(c). 1'he development of special water-storage cells, such as 
mucilage-cel is, water* storage tracheidcs, and ordinary, tli in- 
walled, water-storage cells. 


EXPLANATION OF Pf^TKH XXVII. XXVIIL 
All ligurcM wenenioile at Ublc^levd, with I he aid of XeiiM* oamera liioida, 

with iiiiri'ui at itH gi'eatvHt iiiulinatiuii, and with tulio at ICO mm. Lciiz 

ubjectivea 3 and 0, and uunlara *2 and 4 were uacil. 

Plato xxvii. 

Kig.L—A slightly oblique section through a bud, to show development of 
glandular liaiiw: a, stera-apeK: A, nulimeiitary leaf: r, ieaf-tnuw; d, 
petiole of slightly older leaf; «, glandular hair; (x 100). 

Fig.*2. -Keotiuii aonim sheathing Isise of a nintiira leaf, to show develop¬ 
ment of glandular and clothing haira; ( x 100). 

IMate xxviii. 

Fig.3.-*-Partuf seotiou ihixiugh yuuug loaf, to ahuw depth of secretion and 
outline of glandular hairs; (x 530). 

Fig.4,—Beotiun of a lacquered leaf, to show patuh of seeretion blocking 
mature etoma; (x 300), 

Fig.&->-Beotioii of a mature leaf: fh palisade-tlame; e, oentral water- 
storage Uwue; Nh mudlage-oeUt f, water-storage traoheides; (x lOO). 



BY MAHJORfB ISABRL COLMB8* 


2ft9 


I.ITKRATURK CITKD. 

1. (ViWLKH, H. C.--‘‘The Rofiloj^ioal HeUtlonR of the VeKetation on the 

Sand Diiiipm of TitiliC Mirln^nn.'* Itotnnioal (ia/dti% xwii., Nor.2, 
X 4. X IHtK). 

2. tiunoM, I',—*'()n liiid-Rmt^f'tHin in Ihr DiontyUHiniiH.'* TixinN, Unit. 

So(*., (*i) iii., IHM2. 

3. OsitoKN, T. <i. B - ** TypoH of V«*|i[f*tiition on the (^-oaHt in the Nei^ith- 

iMiurhiHMl of Adelaide, S.A," Report Hnl. Akmm>, Adv. Sei., 1914. 

4. Sor.KRKOBR.-SyHtenmtic Anatomy ut the Dieotyh'cloiiH. VoIr. i. ii., 

niOH. 

5 VKw^rK,—The Anatomy of itUnnhiim o/vi/w.” Ann. Sei. Nat., Hot., 
Si't. «, lii., 1879. 

6. VoLKKNR. (i. - Ueber Pflanzen mit lankirten Itlatlern." Her. der, 
fleutHcli. Hot. (teRell., 1H90. 



260 


A FOSHTL INSECT-WTNG FROM THE ROOF OF THE 
COALHEAM IN THE SYDNEY HARBOUR 
COLLIERY. 

My R. J. Tillyahd, M.A., D.So., F.L.S., F.E.S., Linnbav 
Maclkav Frm.ow op thm Sooirty in Zoology 

(One toxt-fiKiiro.) 

In the Journal and Prooeediiifc^ of the Royal Society of New 
South Wales, Vol xlv., 1911, p.oSl, Mr. W. 8. Dun records the 
occurrence of a species of Tmni<ipteri$ in the roof of the Coal- 
seam in the Sydney Harbour Colliery at Balmain (Upper Per¬ 
mian). An excellent figure of the actual specimen, reproduced 
from a photograph, is given in Plate xli., in the same paper. The 
writer concludes with the following note Associated with 
the leaf is the impression of an insect’s wing, a description of 
which will be submitted later.” 

Recently Mr. Dun has very kindly passed this specimen over 
to me for description, and I desire to thank him for the oppor¬ 
tunity of studying it. 

The wing lies upon the smooth Burfac*e of a very dark, hard 
shale. Its position is best located by the following note. 
Measure 18 mm. from the distal preserved end along the mid-rib 
of the frond of T^iopUriB, and, from the point so obtained, erect 
a perpendicular on the side on which the centre of curvature of 
the frond lies. The distal mid of the insect-wing lies at a die* 
tance of 20 mm. along this perpendicular. 

The wing can be actually seen in the reproduction mentioned 
above, but it is so faint in outline that it would not be noticed 
unless some measurements were given to assist one in locating 
it. The same may be said to be the case with the actual speci¬ 
men. Once it has been located, a careful examination with a 
hand-lens will show the presence of the main veins, and, in 
certain lights, of cross-veins also* All of these, except only the 
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radiuH, are exceedingly delicate in outline, 8o that it is by no 
means easy to make an accurate drawing of the fossil. 

The portion preserved consists of a considerable part (prolmhly 
about three-fifths) of a slender wing, with the costal margin well 
marked right up to the apex. The posterior border is missing, 
except for a short piece lying towards the base of the fossil. 
The space between the radius and the costal margin is distinctly 
coloured brownish. This is almost certainly due to the preser¬ 
vation of brown pigment originally located in this area of the 
wing. 

Ill attempting to place this fossil correctly, I have had to rely 
upon only two or three important characters, since the base of 
tlic wing, wliich may be presumed to have held the most definite 
veiiational structures, is mi.ssing. First of all, 1 have relied 
upon the absence of the subcostal vein from all the distal portion 
of the costal space. Secondly, the well marked radius, evidently 
very strongly built, lias running below and parallel to it a well- 
developed radial sector, giving off obliquely descending branches 
at fairly wide Intervals Combining these characters with a 
third, vis., that the cross-veins are fairly wide apart, regular, 
and somewhat oblique, we should have littledifiiculty in making 
a very close comparison between this fossil and the interesting 
family Elcanidtr^ of the Order Orthoptera, from the Mesozoic 
strata of England and Germany. 

Handlirsch defines the ElcaniduR as follows* (his text is in 

German)This family.is characterised by the possession 

of long, typical Locustoid antennm, well-developed jumping legs, 
and also, in the female, a long ovipositor. On the other hand, 
up to the present, no wing has been found with a stridulating 
organ. 

The wing-venatioa resembles in many respects that of the 
Acridioidea more than that of the Jxicnstoidea existing to-day. 

The forewing is characterised by a costal vein slightly removed 
from the border, and, therefore, by a precostal area. The sub- 
costa is greatly shortened; the radius is free, and sends branches 
towards the free anterior border; its sector arises near the bas6, 

* Die Fotsilen Insekten, p.412. 
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and runs nearly parallel with the main stem towards the tip; it 
sends a yariable large number of branches sharply from below 
towards the apical iiorder. Media and cubitus strongly reduced, 
consisting of small branches. Anal Held somewhat small, with 
few veins. 

The hind wing is similar to the fore in respect of the structure 
of the radius, media, and cubitus, but appears to ha\e undergone 
a vast reduction of the subcosta, and to possess no precostal area. 
Its anal field is large and fandike. 

Stiff cross-veins divide the wing-areas into quadrilateral cells. 
Most of the wings are spotted. 

It will be seen that, owing to the fragmentary nature of the 
wing, many of the above characters are not available as tests. 
On the other hand, the part preserved agrees very closely with 
the deHnition. The small portion of the posterior border pre¬ 
served is of some value to us, since it points to the fossil repre¬ 
senting a f&rtwing. For, in the bindwing, we should have ex¬ 
pected to see, in this position, part of the anal fan which is so 
conspicuous in this family, but which is evidently absent here. 

Handlirsch lists forty species of the family Elimodai from the 
Idas, and twelve from the Upper Jurassic All but one of these 
are placed in the genus Ehana Qieliel, the only other genus 
being P<itrefcana Handl I propose to place the fossil here de¬ 
scribed in a new genus, Elcanop$u^ with the characters given 
below. 

Order OHTHOPTERA. 

¥mi\y EWAmUM, 

Genus Bloanopsib, n.g. (Text-fig. 1). 

Characters of forewing os in Elcana Giebel, except the fol¬ 
lowing:—tic towards its distal end lies very close to 0, not 
nearer to H as in Eleana. Wing not spotted, but marked with 
brown pigment along the costal space. Branches of Rs few in 
number, and plaoed fairly wide apart. Cross-veins not very 
numerous or close together. 

Genotype, SletmopgU gydneienMf n.sp. (Upper Permian : 
Balmain Colliery, Sydney Harbour). 

The ooeurrenoe of an Blcanid genus in the Upper Permian is 
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of considerable interest, since the insect-fauna already known 
from the Upper Permian of Newcastle, New South Wales, con¬ 
tains only types which would be regarded as of Mesozoic age if 
they had been found in the Northern Hemisphere. Tt is also 
interesting to note that the Upper Jurassic members of the 
family approach, in their venational type, the Acridiitiw of the 
present day, whereas the Liassie species differ more widely from 
these last, in that the number of branches of the radial sector, 
and the number of cross veins, is considerably less, and the species 
are of a smaller size In these characters, the new genus is the 
most reduced of all; so that the supposition now naturally arises 
that the tncKlern Acrid ioid type of venation may have been 
formed by addition of new elements to what was originally a 
much simpler and more open tj’pe of venation 



Text-6g.l. 

micanopiii sprfMeiaMM, n,g. et sp., portion of forewing; (x IS'fi). Upper 
Permian Coal-Measures: Balmain Colliery, Sydney Harbour, 0, 
costal border; R, radius; Rs, radial sector; So, suboosta; the area 
covered by the brown pigment is shaded. 

Ki.CANOPBia STDRiiRRsia, n.sp, (Text-flg.l). 

Total length of fragment, 7 mm. Greatest breadth, 2*7 mm. 

Forewing with the distal end of So preserved, and apparently 
ending up on O at about the middle of the costal boiler. R 
very strongly built, very gently curved, the tip slightly turned 
upwardiK Apparently six very poorly preserved cross-veins 
between B and 0, beyond the end of 8c, and two oblique ones 
between Sc and B basad from these. Nine or ten cross-veins 
preserved between B and,its; some of these fairly distipqt. Rq 
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a slender but well-preserved vein, parallel to R, and having four 
descending branches placed somewhat wide apart. 'J'he cross¬ 
veins between these branches mostly not visible, but indications 
of them here and there in a good light. A portion of a fairly 
strong vein is preserved near the posterior border, but this vein 
cannot be named with certainty. It appears to be connected 
with the border by means of a series of oblique cross-veins. 

Type, in Coll. Geological Survey of New South Wales, 
Sydney. 

PoHUeript (added June 14th, 1918).—In my paper on the 
“Permian and Triassic Insects from New South Wales, in the 
Collection of Mn John Mitchell,’’ These Proceedings, 1917, xlii., 
Pt, iv., p.725, I named Schizoneura as one of the genera of the 
fossil flora of the Upper Coal-Measures of the Newcastle District 
The name was taken from the list given in Siissmilch’s “Geology 
of New South Wales,” on p 135, where also the genus Tceni- 
opUriu is included. As several geologists have taken exception 
to the inclusion of this genus iu the Permian Flora, I take this 
opportunity of pointing out that I did not state that the genus 
Schizomnra occurred at the horizon of either the belinunt or 
Newcastle Insect-Beds. 1 have to thank Mr. W. S. Dun for' 
explaining the exact state of the cose to me. It appears that 
Sckiztmeura is found only at the very top of the Permian Beds, 
in beds that might well be considered as the passage-beds between 
the Permian and Triassic, but which should be classed as Per¬ 
mian as long as we define the presence of Olosaoptet^ia as the 
criterion by which to separate the Palieozoio from the Mesozoic 
in Australia. The same is true of TmiopUriSt which is asso¬ 
ciated with the insect-wing described in this paper; it should be 
noted especially that the species, though unnamed, is certainly 
aiQt 7*. Daintreai McCoy, (» 7'. apattUata McClelland), which is 
oharacteristic of the J urassio. The horizon of the wing described 
in this paper is, therefore^ some 600 feet vertically above that 
of the Belmont Inseots previously described, and more than 800 
feet above that of the NewoasUe Insects. Whether, therefore, 
Eloamopaia be considered to be a Permian genus or not, there 
egn bs no question thst these other insects are such.— B,J.T. 
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THE PANORPOTD COMPLEX. 

A Study of the Phylooeny of the Houomktaiioloum Inskcts, 
WITH SPKriAL ReFERENUK '1*0 THE SUBTLAHSKS PANOKFOIOSA 
AND NKUKOPrRROlDEA. [InTBODUUTION]. 

IJy R. J. Tillyahd, M.A., D.Sc., F.L.S.. F.E.S., I.*innkan 
Macleay Fellow of the Hocikty in Zooiakjy. 


Introduction. 

Section i.—D efinition or the Complex. 

In his "real work upon the Phylogeny of the Orders of Insects 
Hand I irsctH2) divides the whole of the ILiloinetahola into four 
Siib'ClasBes, as follows — 


Suh-oIflHH. 


Orders. 


Hymknoi^kkoioka 

CULVUPTEKOIDKA 

NEUHOVTKKUtDKA 

Panoriviiijka 


Hyiiienuptcra. 

Culcoptera. 

Megalcipteiu, Uaphidiuides^ Neuropiera, 
J’anurpata*, Phrygaimidea, Lepidoptera, Diptera, 
Aphaniptera. 


In making this division, Handlirscli widely separates the first 
two of these Sub-classes from the last two, placing between them 
not only what we may, for coiivenienoei term the three Amphi- 
biotic Orders (Odonata, Plectoptera, and Perlaria), each of 
which be elevates to the rank of a Sub-class, but also the Embi- 
daria, which he also considers to be a Sub-class. For the 
Hymenopteroidea and Coleopteroidea, HandHrsch indicates a 
descent from a lilaitoid type of ancestor. For the Neuropter- 
oidea and Fanorpoidea, be is more inclined to a PalKodictyopi- 
erous type of ancestor; indeed, he definitely states his belief that 
the Neuropteroidea are descended directly from the P4la»odicty- 
optera, while be considers the Fanorpatse^ and hence the Panor- 
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poidea also, to have been derived from the obscure Megasecoptera 
of the Upper Carboniferous - an Order which, at the best, can 
be regarded only as a specialised side-branch of the Paleeo* 
dictyoptera. 

IVe are tliua faced with the fact that, in Uandiirschs opinion, 
the Holometal)ola are a composite group of polyphyletic origin. 
Such a view is, indeed, fairly generally held amongst entomolo¬ 
gists; for no satisfactory reason seems to have been bi'ought 
forward why the evolution of the resting-pupa should not have 
been accomplished more than once, along several quite distinct 
lines of ascent. 

Uaving for a very long time carefully read and studied Hand- 
Hrsch’s views, I have to confess that, in spite of many excellent 
arguments brought forward, there seems to me to be much that 
is unsatisfactory in them. As examples, I might refer to his 
discussion of the origin of the Uytnetioptera, which fails to con¬ 
vince me ill a single point. The same may be said of the sug- 
gestiou that the Panorpaiie are derived from the Megasocoptei a. 
It seems to me that any unbiassed student of the Phylogeny of 
the Holomotabola must come to the following conclusions 

(1) That the origin of the Hymenopt^a is still about as great 
a mystery os it well can be; and that Handlirsch’s solution of 
this problem has many inherent defects that make it unaccept¬ 
able. 

(2) That the origin of the Coleoptera from a Blattoid type of 
ancestor is a fair probability; but that much more research of 
an intensive character must be carried out before this theory can 
be either proved or dlil|^ved. 

, (3) That the origin* of the Neuropteroidea fix>m Falssudicty- 
opterojp ancestors is extremely probable; nevertheless here also 
any researches that tend to strengthen the argument would be 
very welcome. 

(4) That the origin of the Fanorpbideafrom the Megasecoptera 
is not supported by a single piece of evidence worth cxmsidering; 
but that the poesibility of the relationship between Neuropter¬ 
oidea and Panorpoidea being exceedingly close reqpiires recon¬ 
sideration, and the ooinoident poestbility of the Panorpoidea 
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having had F^Jieodictyopterous anoestors also requires careful 
investigation. 

My own researches It p<m the Neuropteroidea and Panorpoidea, 
as far as they have gone, have convinced me that these two Sub¬ 
classes have a great deal in common. They have also revealed 
the possibility of the Hymenopiera, and even the Coleoptera, 
having a closer relationship with the Panorpoidea than is gener¬ 
ally suspected. Not only do many signs point to the Meeoptera 
(Panorpatse) as lieing a central Order round which all tho rest of 
the Holoinetabola may be more or less closely grouped, but the 
Palteontological evidence also points unmistakably in the same 
direction. For fossil Mecoptih*a of the genus 
closely allied to the existing Australian genus TmixoehoriHa, 
have now been prov**d to exist in the Permian of Newcastle, New 
f$outh Wa]es(6); whereas no other Holoinetaholous insects are 
known from Palieozoic strata at all. Even admitting the incom¬ 
pleteness of tho fossil i^cord, we must be immediately struck 
with the fact that the Meeoptera existed in Permian times in 
Australia, in a form very similar to that of to-day. This points 
to the Order having arisen well before Permian times. The 
earliest known Neuropteroidea are Upper Triassic, the earliest 
Coleoptera also Upper Triassic, the earliest Tnchoptera the 
same, and the earliest Nymenoptera Upper Jurassic. Even if 
we grant that it is a reasonable expectation that all these Orders 
will one day be found to have had representatives in earlier 
strata, yet the same probability holds for the Meeoptera. 

Reviewing the whole case, it seems to me that the time is ripe 
for a careful study of the whole problem, as far as the evidence 
will admit, from the point of view of the Meeoptera as the 
central Order; that ia to say, the Order which has preserved, 
both in its larval, pupal, and imaginal structures, the largest 
number of archaic characters derived from the original ancestor 
or ancestors of the Holonietabola, whatever they may ba\e been. 

It is to suggest this point of view that 1 have selected as title 
the somewhat elastic term The Panorpoid Complex." By thie 
title, I intend to convey that the research entered upon in this 
paper has, for its main object, the complete working out of the 
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relationsbipB of the Order Mecoptera to those other Orders which 
stand ill closest relationship to it. In accepting Handlirsch’s 
division of the Holometabola into four Sub classes, it is to be 
understood that I do so only provisionally, for the convenience 
of sifting and allocating the evidence that this arrangement 
naturally offers. And, as it is obvious that the main weight of 
the argument must centre around those Orders which are clearly 
most closely associated with the Mecoptera, so it will be clear 
that the Orders comprising the Fanorpoidea must be most fully 
reviewed. There is, however, a great deal of evidence to be ob¬ 
tained from a study of the Neuropteroidea; and this Sub class 
can by no means be denied full consideration in the argument. 
With respect to the Coleoptera and the Hymenoptera, the evi¬ 
dence to he obtained from them at the present time is compaia- 
tively scanty, and has little weight compared with that derived 
from the other Orders, though it may help to throw some light 
upon the larger problem of the origin of the Holometabola as a 
whole. These ideas I have tried to convey in the sub.title 
selected for this paper. 

If, then, we accept provisionally, for clarity of argument, the 
two Sub-classes Neuropteroidea and Fanorpoidea, in the sense 
that Handlirsch defined them (but with some modifications in 
the noineuclaturo of the Orders composing them), we may then 
proceed to define the “Fanorpoid Complex” as that assemblage 
of Orders whose a^westral chatOAUrs can be shouya to pousess close 
affinity with the eha^^ters presertfed to a great measure in the 
Order Mecoptera^ without in any way binding ourselves to the 
inclusion of any particular Order in the Complex. The Complex 
itself is an elastic assemblage of Orders; and any particular 
Order may be included in it, or removed from it, according as 
the weight of evideDoe may determine. 

Throughout this paper, I shall use the name Mecoptera for 
the Panorpata of Handlirsch, and Trichopteru for bis Fhrygan- 
oidea.'/ The Bapbidioidea I hold to be not sufficiently distinct 
from the Megaloptera to deserve ordinal rank, since van der 
Weelev work (7) indicates the strong probability of their origin 
from more ancient Sialoid stem. Hence I shall merge them 
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into the Order Megaloptera, which will then consifit of two Bub- 
orders, viz, the Sialoidca (aquatic) and the Raphidioidea (terres¬ 
trial). The term Neuroptera is now so ambiguous, being still 
used in present-day writings to indicate so many different and 
hetemgonoous groups of Orders, that I have no hesitation, for 
the sake of clearness of argument, in substituting tlie name 
Planipennia for it, although I do deAnitoly subscribe to the 
opinion that the name Neuroptera ought by now to be strictly 
conAned to this Order only. 

For the purposes of this paper, I shall deAnitely include my 
new fossil Order, Protomecoptei-a, within the Sub-cl ass Panor- 
poidea, to whicli it clearly belongs. The type (and so far the only 
representative) of tliis Order is Archipanorpa mce^nt^ica Tillyard, 
from the Upper Trias of Ipswich, Queensland. Whether this 
type should constitute a new Order, or only a Bub-order within 
the Order Mccoptera, it will undoubtedly conduce to clarity of 
argument if we employ the term Protoniecoptera in the sense in 
which I origiually dcAned it(8). 

The scheme adopteil in this paper may now be exhibited as 
follows:— 

Bubclass Panokpoidka : 

Orders Protoniecoptera (fossil only), Mecoptera, Trichoplera, 
Jjepidoptera, IJiptera, and Aphaniptera. 

Bub-elass Neukoftkhuidea ; 

Orders Megaloptera (including the aquatic Sub-order Bialoidea, 
and the torrestriat Subnirder Uaphidioidea) and Planipennia 
(B Neuroptera, s.aCr.). 

Section iI.—Gbeeral Principlsb. 

Most of the work that has been done in Kntomolugy upon the 
Phylogeny of any given Order has naturally been carried out by 
experts upon the Order in question, with little reference to out¬ 
side Orders. As an example of this, we may cite Meyriok's 
numerous works on the Lepidoptera, which, apart from their 
systematic aims, have also attempted to show the origin of the 
Order, as a whole, from the Trichoptera, In the whole of this 
work, Meyrick makes allusion to only one genus {Skyaco^th^) 
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of the supposedly ancestral Order, and, indeed, suggests, in more 
than one place, that the whole of the Lepidoptera are descended 
from this still existing and abundanl genus of Caddis-flies. 
Throughout the work, the characters of the Lepidoptera are 
subjected to a searching scrutiny and criticism, but the same 
tests are not applied to the Trichoptera, which ara, nevertheless, 
an equally important factor in the problem [8, 4]. 

Tt has, for long, seemed to me that a problem of this kind, 
attacked in this manner, by intensive study of the internal 
differences within the Order in question, without an equally 
intensive study of the differences existing within the Orders 
supposedly ancestral to it, could not possibly yield a complete 
and accurate solution. The alternative, chosen by some few 
authors in recent years, has been to pass in review the sup¬ 
posedly archaic characters of related Orders, and to attempt to 
derive from this evidence some idea as to the standing of one 
Order to another. As an example of this, I need only mention 
again Handlirsch’s famous attempt to give us a complete Phylo- 
geny of the whole of the Orders of Insects, as well as a Phylo- 
geny of the Class Iiisecta itself(8). 

It will be at once admitted that this second method is the 
right one. It has, however, one obvious disadvantage In 
order to carry it out successfully, the author should be equally 
expert upon all the Orders that lie reviews. But no man could ' 
hope to attain the knowledge in half-a-dosen or more Orders 
that can be attauied in one by a life<study of it. Hence we see 
that, while the outlook of such an author will be a broader one 
than that of the expkrt in one Order only, yet the evidence 
brought forward cannot all be accepted at the same face-value; 
and the chances of misinterpretations at vital points is evidently 
very much greater. 

As an example of this, we might contrast the treatment of 
the Phytogeny of the liepidoptera by Meyrick on the one hand, 
and by Handlirach, on the other. First of all, Meyrick confines 
himself almost entirely to wing-venation. By an exceedingly 
full analysis of the different types within the Order, he arrives 
at ihe cunolosiou that the homonomously-winged Jugate repre- 
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sent the oldest type, within the Order. Having then discovered, 
in the living genus Ithyaeophila ot the Order Trichoptera, a 
venation with apparently all the essential characters of the 
Jugatftf, be claims that the Jugatie, and therefore all the Lcpi- 
doptera, are to lie regarded as having']^ad a lihyacophilouK 
ancestor. 

If the characters considered by Meyrick were the only ones 
that concerned the question, and if the Orders Trichoptera and 
Lepidoptera were so isolated from all the other Orders of Insects 
that there could be no question of aftinities in any other direc¬ 
tion, Meyrick's solution might be accepted as correct, in spite o" 
its having l>een based mainly upon the wing-venation on\y. But 
this is not tlie case. As we shall see, the Ordei Mecoptera has 
<|uite equal, if not supenor, clatins to be regarded as the ancestral 
type from which tho I^epidoptera sprang, while the claims of the 
Platiipeiinia, in certain directions, may by no means be over¬ 
looked. Moreover, no attempt was made to test the claim, which 
suteiy can legitimately \ns made, that the Trichopteia themselves 
are a by no means unspecialised Order, with almost ns much 
rigiit to being considered an end-term in a Phylogenetic Series 
as the licpidopiera themselves. 

Many of these objections to the method of procedure adopted 
by Meyrick are overcome liy the method which Handlirsch fol¬ 
lowed. This author, first of all, considers the relationships of 
the Trichoptera with tho Mecoptora, and concludes that the 
former are an ofi'shoot of the latter, ile then propounds the 
question as to whether the Lepidoptera are to be legitimately 
regarded as the derivatives of the Trichoptera themselves, or 
whether we are compelled to go further back, to the older 
Mecoptera, in order to indicate their ancestors. His review of 
this question is, in its way, a masterly exposition of the facts, as 
far as he knew them; and bis conclusion, that the Lepidoptera 
are not descended from the Trichoptera, but directly from the 
older Mecoptera, cannot fail to commend itself to all biologists, 
if the facts that be quotes are really correct. 

Here, then, comes in the question which I have already men¬ 
tioned, vis., the amount of equipment of specialised knowledge 
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of all the Orders taken into consideration, necessary for an 
author who would decide this problem. Having carefully read 
through the whole of Handlirsch’s work, I was at once struck 
with his evident lack of specialised knowledge of the two Orders 
most fundamental to^tlie whole question, vis., the Triclioptera 
and the Mecoptera. The characters of these two Orders are 
reviewed very superficially in comparison with those of the 
Lepidoptera and Diptera; in fact, the whole of their phytogeny 
is decided within the limits of a single page of print. And, on 
that one page, I find statements made which, as far as iny know¬ 
ledge of these Orders goes, are incorrect. Such, for example, is 
the statement on p 1204, that the jugum appears in the Meco¬ 
ptera as well as in the Lepidoptera, and that on p.l263, that the 
Mecoptera retain the archaic homonomous wings and archaic 
mouth-parts. In my studies of the Mecoptera, I have found 
that none of these statements are justified, and I shall have to 
deal with them more fully in the part of this paper devoted to 
that Order. 

We are thus faced with the situation of having to choose 
between the limited outlook, but "greater accuracy in detail, of 
the solution offered us by the specialist in one Order, of whom I 
take Meyrick as a conspicuous example, since he shows in a most 
remarkable degree the combination of both these characteristics; 
and the wider outlook, but occasional inaccuracy in detail, of the 
solution offered us by the non-specialist, whose aim should be lo 
regard all the Orders coining under his review as equally entitled 
to careful examination and consideration. 

It will be at onceqbvious, without any further argument, that 
neither'of these altef^natives is entirely satisfactory. Before we 
can deal satisfactorily with the phylogeny of a group of Orders, 
we must attain, as far as possible, to the specialist’s knowledge 
in everyone of them. Such knowledge, in the present advanced 
state of Entomology, is unattainable within the lifetime of any 
single man. We must, tlierefore, ask ourselves, firstly, whether 
we may legitimately attack a problem of such magnitude, 
equipp^ with anything less than the maximum of attainable 
knowledge on all Orders; and, secondly, whether, if this first 
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question be answered affirmatiYely, we can indicate with any 
certainty which portions of that knowledge are essential, and 
winch are not. 

Now there will be, in any group of Orders, some which show 
definite specialisation above the others; as, for instance, the 
Lepidopteia and Diptera above the Trichoptera and Meuoptera. 
All entomologists are agreed upon this. Is it more necessary to 
attain to the specialised knowledge of the lower groups, or of the 
higher groups 9 It will be seen that Meyrick was a specialist in 
the higher of the two Orders which he discussed, while the 
same is true of Handlirsch, in a more general way, since he, 
everywhere, shows a far more intimate knowledge of the Lepi- 
doptera and Diptera, but especially of the latter, than he dues 
of the Trichoptera and Mecoptera. Would it not be preferable 
for the author, who is to attempt a satisfactory solution of this 
problem, to throw the main weight of his studies on to the side 
of the more archaic Orders, which, unfortunately for the progress 
of Entomology, have been so neglected for many years, and to 
be content to attain to a first-hand knowledge of only the more 
archaic types within the more highly specialised Orders 9 

I believe that this question must be answered in the affirma¬ 
tive, for some very good reasons. Firstly, the knowledge of the 
mora archaic Orders is the only sure foundation upon which the 
Phylogeny of the higher Orders can be built. Any attempt 
without this knowledge is merely building up a house without 
laying secure foundations. (Secondly, the connections sought for 
in the tracking out of the ancestry of the higher Orders must be 
those between some members (either exieting or extinct) of the 
more archaic Orders and the ha»t specialutd famUiea of the 
higher Orders. Thirdly, if at any time the problem transcends 
tb^ attainable bounds of knowledge of the investigator who has 
adopted the course here advocated, be can always call in the 
advice of the specialist, who possesses just that veiy type of 
knowledge, in his own group, which would render the Phylo- 
genist's task too overwhelming for him, on the principle of '*net 
being able to see the wood for the trees.’* And, finally, there 
are already, in Entomology, specialists enough in all the higher 
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Orders; so that the chance of being brought to a fulbstop, 
because nobody in the world can supply the gap required, is so 
unlikely a possibility that it may be dismissed without further 
thought. 

That being so, I decided that the investigation into the Pliylo- 
geny of the Panorpuid Complex was a task that 1 might venture 
to -undertake, and that its difficulty and immensity would l)e 
more than compensated for by the advantage to Entomology in 
general, if a satisfactory solution could he found. Having, then, 
decided to confine myself to researches within the limits indi¬ 
cated in the previous paragraph, T have carried out an exiiaustive 
survey of the older Orders under review, viz., the Planipennia, 
Megaloptera, Mecoptera, and Trichoptera, and have been content 
to study, in the iinmeiise Orders Diptera and Lepidoptera, mainly 
the older families only. The survey has been extende<l far 
enough to give me some idea of the position and inter-relation¬ 
ships of all the important families of each of these Orders; but 
intensive study has been chiefly confined to the older families, 
together with other more specialised types in which 1 thouglit I 
could recognise characters of value as evidence on the question 
at issue. Further, it will be at once evident that the equipment 
of the author who attempts, to solve this immense problem will 
not be complete unless ha ijfiasters what there is to know about 
the Fossil Record of the Orders in question, and of their possible 
ancestral Orders. This also 1 have endeavoured to do. The 
fortunate circumstance of my having in my hands a large amount 
of new and unique material of this kind from the Permian and 
Triassio stmta of Eastern Australia has been one of the chief 
factors in my decision to undertake this task; indeed, it has 
almost imposed the obligation upon me, since nobody who has 
not studied these fossils could possibly be so favourably placed 
for discussing this question as 1 happen to be, simply through 
this great good fortune. 

It will, I think, be readily granted that the Order is the only 
^totisfaotory unit upon which a study of this kind can be based. 
We have, therefore, to consider what view of an Order we must 
take, in dealing with it as a separate unit in a paper such as 
tiUa. 
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Now there are, In any given Order, many diverse groups. 
Borne o( these will exhibit very high speciaiisationB in one or 
more directions; others will show unexpected archaisms, which 
may make it exceedingly awkward to frame a comprehensive 
definition of the Order. As an example of this, we may take 
the evolution of the mouth*parts within the Order Lepidoptera. 
Ill the great majority of the families within this Order, the 
mandibles are absent, tlio maxillary palps absent, the galess 
produced into a lung sucking-tube or haustellum, and the labial 
palps present and more or less highly specialised. But, in the 
Mxaropterygida^ the mandibles are present, as are also the typical 
maxillie of older Holometabolous Orders, with five-jointod palpi, 
and unspeoialisef] galc» and lacinits There is, therefore, no 
reason, from the Phylogenetic view-point, why we should not 
consider the f^epidoptera as, tU hottem^ essentially a mandilmlate 
Order, when we come to discuss its relationship with the other 
Orders of the Panorpoid Complex. 

It must, therefore, be evident that, for the purposes of this 
paper, the usual definitions of Orders to be found tn text-books 
not only will not serve our purpose, but may actually be mislead¬ 
ing. 1 propose to overcome this difficulty by the use of Arche¬ 
types (German, Ur4yp%^9), For each Order that comes under 
review, we must define an archetype, which shall include in itself 
all the most archaic characters found within the Order. Having 
done this, we may reasonably discuss the relationships of the 
archetypes of the various Orders, with some prospect of a suc¬ 
cessful issue. 

In following out this lino of argument, we can lay down two 
guiding principles 

( 1 ) ^16 Pfaylogeny must not lie determined from one set of 
characters only wing-venation), hf>wev6r important that set 
of characters may be. But it must be detennined by a review 
of as many characters as possible. 

(2) The greatest care must be exercised in the determination 
of the characters of the Archetype. For instance, in the case 
of the jugum and frenulum in Lepidoptera, it is not sufficient to^ 
adopt the jugum as the more archaic character, merely because 
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it is found in those Lepidoptera which have tlie most archaic 
wing-venation. If a mistake is made here, the whole Phytogeny 
is bound to go wrong. As a corollary, it should follow that 
characters in which the evidence of archaism or speoialisation 
may he uncertain, with a division of opinion upon the point 
amongst those entomologists who have studied it, must be either 
deftnitely cleared up by means of new evidence, or they must be 
entirely omitted from the argument. 

Tht Deierminaiion of Archety^tes. 

We may exhibit this principle as follows 

Let a, c, d,.etc., represent a series of characters which 

are constant throughout the Order in question. 

Let p, r, s, . . . . etc , represent a further series of characters 
which are not constant throughout the Order, but sliow definite 
lines of evolutionary advance in one or more directions. 

Taking any one of these characters p, after examination of its 
structure in various families, let P represent the most archaic 
condition, while p\ |/, etc., represent various specialised condi¬ 
tions of the same. 

Any family within the Order can now be defined by the 
characters 

a, 6, c, d, etc.,.»*» «..otc., 

where p can have any qC the values P, p\ p", etc., q any of the 
values Q, q\ v", etc., and so on. 

For instance, one family may be defined by 
a, 6, 0 , d,. p\ g'', J?, ..... 

The Archetype of the Order, which may or may not still be 
existing (the greater the number of characters taken, the less 
likely is it to be still existing) will be defined by 
o, b, 0, d,.P, if, . • • • * 

The DeUrminAiim qf Ms Phytogeny of eeparaU Ordere, 

Thd same principle as above may be followed in this case, pro¬ 
vided m take the eWooiffW qf the ArAetype a» the charaotera qf 
the Order it repreaente^ for the purposes of the Phylogeny. 

In this case, the characters a, 6, c, d,.eta, which were 

constants throughout any single Order, will now be variables for 
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the different Archetypes; also .not having the 

Aame values for different Orders, we may omit these letters, and 
consider that the whole series of characters is comprised in a 

single (longer) series of variables a, i, c, s, /,.etc. 

Taking a group of Orders, we may now represent the most 
archaic value of tlie character a by d, while a', o'", etc., represent 
various specialised conditions of the same. Then we shall be 
able to write the Archetypes of different Orders in this way 
Archetype of Order 1; - d, 5% C\ cT, e', y" . . . (say). 

Archetype of Order 2:-o', b\ 6*, cT, 0 . . . (say). 

Archetype of Order 3:—d, /i, c', D, g' . . . (say); and 

so on. 

The condition that any one Order may be onces^raf to another 
can now be determined by comparing the Archetype of the 
supposedly higher Order with any supposedly ancestral group 
lying within the bounds of the Lower Order. But, as the 
characters of the Archetype of the supposedly ancestral Order 
are even more archaic than those of the supposedly ancestral 
group lying within that Order, the determination may be made, 
once for all, by comparing the Archetypes of the two Orders. 
The following rule may be laid down> 

The condition that one Order may be truly considered ances^- 
tral to another, is that thm mtitl mt Bxi$t a $ingh eharacier in 
the Areh0lyp0 of Me former, which i$ more highly epeoioliud than 
Me corrciponding cAaroofer in Mol qf Me kUier, 

For example, consider the case of Orders 1 and 3 above. The 
character A is common to both Archetypes. For the character ^ 
A, the Archetype of Order 3 is the older (£ against A"). But for 
the character e, the Archetype of Order 1 is the older {C against 
o'). Hence, clearly, neither of these two Orders can be con¬ 
sidered as ancestral to the other; and we must go back, for their 
common ancestor, to an Order (probably no longer existing) 
whose Archetype showe the characters A, C,.. . . 

The Xceognition of Smbryonie Shmetw^ce, 

It would seem necessary here to call attention to the fact, 
which seems to have been quite ignored fay most of those en^o- 
20 
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Biologists who have not studied other Classes of Aniinals, that it 
is not necessary to be aUe to trace back a struoture to the 
embryo without a break, in order to prove that it is derived 
from an embryonic structure. Particularly does this apply to 
appendages within the Phylum Arthropods. Examples of this 
are the well-known observations on the re-development of limbs 
from latent embryonic rudiments in Crustacea, s.p., the man¬ 
dibular palp in Decapod larvis, and the maxillipedes of the 
Stomatopods. In fact, the rudiments may appear in the embryo, 
disappear later on, and then reappear again in the imago, as in 
the ease of the thoracic legs of the genus Chalieodtma and other 
genera in the Order Hymenoptera. 

Thus we see that it is noi sufficient proof that a structure is 
not derived from an embryonic rudiment to show that it does 
not develop directly from that rudiment; whereas, it is, most 
certainly, quite sufficient proof that it is so derived, if we can 
trace it up from the embryo^ through the larva and pupa, with¬ 
out a break, to the imago (or, if the structure in question is only 
a larval one, then it need only be traced from the embryo to the 
larva). 

We may take, as an example of this, Lubbock’s observation 
upon the development of the lateral gills in CUoion, which, he 
proved, did not begin to develop until the third instar of the 
larva. Many entomologists have used this as proof that these 
gills cannot be homologous with the original segmental abdominal 
appendages, which are represented in the embryo, and then dis¬ 
appear. This argument is quite fallamoua, and must be care¬ 
fully avoided, since it is a frequent temptation to use it. Further, 
there is another potential fClla^ in this kind of argument, 
CUoSOn is a highly specialised member of the Order Fleetoptera. 
May it not be quite possible that the break between the embiy. 
onic appendages and the formation of the gills, which is so con¬ 
spicuous in this genut, may be very much reduced, if not com- 
pletdy removed, in the case of the devdtqnnent of the larva of 
some much more archaic type, such as Onumgafttr^ not yet 
studied 1 . 
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MeyrieKB Law. 

In 1893, Comstockd) gave the name ** Meyrick’s Law’* to the 
following statement, which was first enunciated by Meyrick in 
1884:—*<When an organ has wholly disappeared in a genus, 
other genera which originate as offshoots from this genus cannot 
regain the organ, although they might develop a substitute 
for it.” 

Stated in this manner, this law may be accepted, provided it 
is clearly understood what its limitations are. These may be 
stated as follows;— 

(1) It must be capable of proof that the organ in question has 
wholly disappeared from the assumed ancestral genus. For in¬ 
stance, a concealed rudiment of an organ may reappear, after a 
more or less lengthy period of suppression during the course of 
evolution of the group. It will be clear that this fact alone 
must make the application of the law exceedingly problematical, 
except in the case of very simple and easily examined structures 
or organs. 

(3) Qreat care must be exercised in determining what is to be 
regarded os asu 6 sftfi(f 0 for an organ, as contrasted with an actual 
redevelopment of the original organ from a concealed rudiment, 

(3) The converse of the law is not necessarily true; t.s., if a 
genus B shows the loss of cei'tain organs in comparison with 
another genus A, we are not entitled to state, without further 
evidence, that B is descended from A; we may only state that A 
is more archaic than B in respect of the characters in question. 

How little the importance of the safeguards in the original 
statement of this law has been regarded may be gathered from 
Meyrick’s own later work. In 1895(8), we find him'enunciating 
three 'Maws” as his guiding principles in the determination of the 
Pbylogmiy of the Lepidoptera. lliese are stated as follows:— 

*'(]) Xa nsfc organ can is produeo^ except os a modification 
q/* some previouely exieting etmeture.’* 

, “ (3) A loet organ cannot be regained.^^ 

** (3) A rudimmUgry organ ie rareiy redeveloped/* (p.I0). 

Of M9.S is Meyridc’s L»w restated without its origihal 
eafeguarde. This, tak^ in conjunotioD with the other two, 



381) TttE paKormid covPtRZ (Introduction^, 

forms a very generalised statement covering a very much wider 
field than the original one, and open to far graver objections. 
As rogards Law No,l, this can only be accepted as true in its 
very widest sense, % 6., that there must be pre-existing living 
materia], or cells, as a basis from which any new structure is to 
l>e developed; and, in that sense, it ceases |o have any value, 
and becomes a truism. With respect to l^w No.2, this ceases 
to he true when the restrictions contained ^ the original state- 
ineiit of the law are removed. To mention only one obvious 
example. The thoracic legs of certain Hymenoptera (e.g, Cfutli- 
eodoma) appear in the embryo; they then disappear throughout 
larval life, but reappear again in their complete form in the 
imago. Thus, in this case, as in many others, *'a lost organ ts 
regained”; and a bald statement to the contraiy is not only not 
a law, but it is not true* Moreover, it may not bo argued that 
the law is true when applied to Phylogenetic problems only, and 
not to Ontogeny. For, if there is any truth in the Biogeuetic 
Law at all, it is certain that what occurs in Ontogeny is of the 
same nature,, and governed by many of the same laws, as what 
occurs in Phytogeny; and if we frequently find that lost organs 
are regained in the course of Ontogeny, then it follows that we 
may by no means assert that the same possibility cannot hold 
for Phytogeny. With rwpect to.Law Ko.3, it is only neces&aiy 
to remark that there is probably no Phylum in which rudiment¬ 
ary organs are so often redeveloped as in the Arthropoda, and 
that this is particularly true of appendages. 

It would seem much wiser to do without any attempt to formu¬ 
late laws (so-called) for the solving of Phylogenetic problems, and 
to treat each case, as it presents itself, upon its own merits. In 
most cases, for instance, it is quite capaUeof definite proof that, 
in a given phyletio series, an organ originally present has besen 
lost, and never regained in any of the descendant genera. In 
other cases, not so numerous it is true, it is capable of proof, by 
rrference to palmontolcgioal evidence, that lost organs tiave been 
regained, or, perhaps, that organs wbicli, on tlie strict applica¬ 
tion of Law No.3, would have to be regaled as originally pre¬ 
sent and ttubsequently lost, are really new davmopiiients not 
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present in the anccBtral form. In such cbscb, a rigid application 
of the law would result in a complete inversion of the phylo¬ 
genetic conclusion. 

Meyrick himself applied his law chiefly to the problem of 
wing-venation in the Ijepidoptera. ‘ In a case like this, where 
almost the whole course of evolution is towards reduction and 
simpliftcation, there is not much danger in its use. Yet even 
here caution is necessary. It is not true, for instance, that 
veins which have once been lost cannot be re-developed; nor is 
it true that new cross-veins cannot be formed in a wing-ai*ea in 
which no such structures existed in the ancestral form. One has 
only to examine the traoheation of the pupal wing in the Jiepi- 
doptera to see that there is an immense field of possibilities in 
both these directions, owing to the persistence of the finer 
tracheis, ramifying in all directions beneath the wing-membrane. 
As lung as these trachew persist, so long must the possibility of 
an imaginal venational ineshwork reappearing be held to exist. 
Moreover, in a case in which the wing is changing its shape, so 
that a certain part of it may become broadened, it is exceedingly 
likely that one or more of the tracbeie underlying the veinlets 
of this ai'ea will become lengthened and strengthened, so that it 
may eventually lead to the replacement of an original short vein- 
let by a longer oblique branch, which, on Meyrick’s interpreta¬ 
tion, would have to be regarded as an original archaic branch of 
the main vein from which it springs One of the best examples 
of this is the eflhct of the widening of the costal aiea in the 
/’sycAopsidra, in which an originally fairly simple series of 
veinlets has become greatly lengthened and enlarged, most of its 
units branching many times; and all of them connected together 
by newly developed series of cross veins, which were certainly 
not present in the ancestral form* 

The above example shows us that, even in so restricted a study 
as that of Wing-Venation, Meyrick’s Law can only be used with 
great caution. It must be restricted to areas qf wing that 
are undergoing reduction. In the present state of evolution of 
the Inaeot-Wingi it is certainly true that the tendency is towards 
reduction in the great majority of cases. But this cannot always 
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hftve been the case. Bearing in mind the complex nature of the 
wing*venation in the most archaic types of insects, we are bound 
fan conclude that, at the beginning of the evolution of the wing, 
there must have been a period of great enlargement, with a rapid 
and abundant production of veins in all parts (following upon 
the rapid increase in the tracheation of the developing organ). 
After this had reached its maximum, there lE>egan a period of 
arrangement and reduction, during which the very beautiful and 
perfect wing-types at present existing were evolved. We may 
term the process by which any part of a wing becomes broadened, 
with consequent production of further venation in that area, 
Platygenesis (Or. irXarvs, broad); while the opposite process, in 
which the wing-area in question becomes reduced or narrowed, 
with consequent reduction or elimination of some of its existing 
venation, may be termed Stenogenesis (Or. rmi^, narrow). The 
development of the costal space in the PsyoAoptidce, of the 
enlarg^ anal area of the hindwing in Anisopterid Odonata, and 
of the wide anal /an in the Orthoptera, Ferlaria, and other 
insects, are good examples of Platygenesis; while the process of 
Stenogenesis can lie followed out very fully in such an evolu¬ 
tionary series as the Diptera Nemocera. 

Seheme qf the Work. 

We have already stated that phylogenetic conclusions, to be 
acceptable, must be based upon an examination of as many char¬ 
acters as possible. In .undertaking an analysis of a large number 
of characters, two methods of procedure are possible. We may 
either select each Order in turn and study its characteristics 
fully, with a view to the determination of its Archetype; or we 
may select any given set of cliaracters, as, for instance, those 
offered by the Wiog-veoatioii, and study them as they are ex¬ 
hibited throughout the whole of the Orders under discussion; 
proceeding to deal with other sets of characters in subsequent 
parts of ^he work. 

This method must obviously be the one chosen, for 

only by it can the neoessaiy comparisons lie made between the 
sAme sells of characters in different Orders. Thus we have to 
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postpone the definition of Archetypes until the whole of the 
characters selected have been surveyed; and the final decision 
as to the phylogenetic relationships of the various Orders will 
not become fully apparent until the work is completed. Mean¬ 
while, it seems advisable to select the characters for study in 
such a way that the work can be subdivided up into a series of 
parts, each complete in itself, and suitable for separate publica¬ 
tion. Working on these lines, we may conveniently begin with 
those characters which have been most used in phylogenetic 
discussions, and proceed to deal with the rest in a definite order. 
Thus we shall at first confine our attention to a study of the 
Wings alone, and these will occupy two or more parts of the 
work. Next to these, we shall take the Mouth-parts. Sub¬ 
sequent parts will deal with other imaginal structures; and, 
lastly, the structure of the larva and pupa will be reviewed. As 
regards the structure of the egg, and the Embryology, it is to be 
regretted that so little is known about the latter in the case of 
the more archaic Orders. As our knowledge stands at present, 
the evidence available on this point, tor the purposes of this 
paper, is so incomplete, that it can have little bearing upon the 
main result. 

The investigations into this problem were actually begun 
about two years ago, and are atill going om I feel that I can 
safely leave the completion of the more specialised parts of the 
work to a later date; because, if I waited until they were all 
finished, the main conclusions of this work would not, perhaps, 
see the light of publicity for some years. The results already 
attained are^ to my mind, of such importance that 1 have no 
hesitation in placing them in the bands of the scientific; public, 
and their value will not be lessened by delay in the completion 
of the whole fabric of my work. 
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June 26tb, 1918. 

Pi'ofasHor H. Q, Chapman, M.D., B.S., PreBidwit, in the Chair. 

A letter from Dr. T. QrilKth Taylor, Melbourne, returning 
thanks for congratulations on the award to him of the David 
Syme Prize for 1918, was communicated to the Meeting. 

The President communicated some news of Lieutenant Gold-' 
finch, a SoldieivMeniber in hospital in England, forwarded by 
Dr. A. J. Turner. Tt was resolved that a friendly message of 
sympathy should be sent. 

The Donations and Exchanges received since the previous 
Monthly Meeting (29th May, 1918), amounting to 42 Parts or 
Nos., 8 Bulletins, 3 Reports, and 12 Pamphlets, rectnved from 39 
Societies, Institutions, etc., were laid upon the table. 
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Part i.— ^Thr Wino-coopumo Appabatur, 

RRPRRBNCB TO THE ZilF^FTIIBA. / ■ 

By R. J. Tilltahd, M.A., D.Sc., F,L.S., F.E.S., Liurkan 
Maolrat Fellow of the Socirtt in Zoology. 

(PlatOR xxix.-xxx., End sixteen Text-figures.) 

There can be little doubt that, in the original Pterygote 
Inseots, fore- and hindwings were independent in flight, and the 
muscles controlling them were innervated from two separate 
sources, vix., the ganglia of the rocso- and metathorax respect¬ 
ively. Coincidence of action or beat, then, between fore- and 
hindwings, without which flight would scarcely have become 
possible, must have been maintained through coordination of the 
two sets of nervous impulses sent out from these two ganglia. 

Now, in those Orders in which the wings were more or less 
haiiy, the development of a fringe round the border of the wing 
would undoubtedly increase the sense of touch in these organa; 
since the macrotiichia, or larger set* of the wing; are of the 
type known as tenriUa, and were evidently developed at first as 
tactile organs. Hence it came about that, in Uie course of evo¬ 
lution, a further coordinatkm wasable to be esj|ebliahed between 
the posterior portion of the base of tbeforewin^kQd the anterior' 
portion of the base of the hind.* Such cooidihaRWi did not, at 
first, take the form of a definite linking-up of the wings, but 

■ - . - II I mftmr-— i ■ - . - - f j gfpini 

* It diould be borne in mind that tlie itruotures here tebedleomeed 
were originally preeent on bcih wingei freaular brietlee ooenr at base 
of ybretemge of oertain If eooptera, ae welt i|i of Undwinge; and a Jngal 
lobe ii present at baeee of wings in oerMfei lBrioho|iteni and in Micro- 
p^cri^gida. But it ie only on the poctcricr bofder of the forewing and the 
oatflKor border of the hind that they can oome intfiroontaot, and co develoy 
into a eonpUng-apparatue. 
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cormisted merely in the greater development of the sennillee uf 
this region of the two wings, their contact acting as a guide in 
flight, much as the reins act in the driving of a horse, or the* 
touch of the hand of one person in guiding another in the dark. 

To these structures, whether they act merely as a ynidfi, or 
whether they are more fully developed so as to Hnk the two 
wings quite closely together, T propose to give the name “Wing¬ 
coupling Apparatus,’’ which 1 have already used in dealing with 
the Planipennia(12). 

The complete, archaic wing-ivmpling ap))aratns consists of four 
distinct parts, two belonging to the forewing, and two to the 
hind, lliese are:— 

In the fore wing 

(1) The area of contact with the hind wing or its bristles. 

(2) The bristles developed along the border of that area. 

In the hind wing 

(3) The area of contact with the forewing or its bristles. 

(4) The bristles developed along the bolder of that area. 

In the case under discussion, when the two areas of con¬ 
tact are located at the bases of the wings, we may name the 
parts as follows:— 

(1) The area of contact of the forewing with the hind, in so 
far as it projects beyond the general contour of the posterior 
border, may conveniently be termed jugal a term 1 have 
already employed in the paper mentioned above(18). A special¬ 
ised form this area» in which it becomes an elongated, narrow 
process passing below the costa of the hindwing, is termed the 
juyum, this being the term first applied to such a process by 
Comstock in the Lepidoptera(l). 

(2) The bristles projecting from this area towards the hind¬ 
wing may be called the Jugal briatlee. 

(3) The area of contact of the hindwing with the fore, in so 
far as it projects beyond the general contour of the anterior or 
costal border, may be termed the humeral lobe. I had previously 
employed the term jugal proceee for this area in the Planipennia 
(it). But I now oonrider that this term is open to objection; as 
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it would certainly conduce to cleameHS, if the adjective jugol 
were to be employed only in connection with forewing. Ab 
authors who have written upon the LepidctlnM have genemlly 
alluded to thin part of the hindwing as 

(a Homewhat tcxi general term), there can be little objection in 
replacing it by the term here proposed. 

(4) The bristles projecting from this area towards the forewing 
may be called t\\e fmmlum. This term is already in general use 
in the Lepidoptera, and should wnv be adopted for the homo- 
Iq^us Htructures in <ither Ordeia. 

The relationshipH o{ these 
four parts to one another, in 
an ideal archaic ooupUng-ap- 
paratuB, may he seen from 
Text-fig. 1, it being under¬ 
stood that, owing to the 
slightly higher level of the 
Text-fig. 1. * foiawing, the frenulum passes 

beneath the jugal lobe, but the jugal bristles lie abiw the costa 
of the hindwing. 

We may now profitably study the formation of the coupling- 
apparatus in the wings of the different Orders comprising the 
Fanorpoid Complex. From this discussion, we are compelled to 
omit the Protomecoptera (in which the bases of the wings have 
BO far not been discovered in the fossils known), and the Aphani- 
ptera, in which the wings have been lost. 

Order MSOOPTBRA* (Text-flgB.2-4). 

This is the only Order extant in which all four parts of the 
ideal coupling-apparatus can still be recognised. In Text-fig,2, 
I have figured the ooapling-apparatua from the ^gs of two 
very archaic families^ found only in Australia. In the family 
CAoriMcIa (Text-flg.2a), there is a slightly projecting, but quite 

, * Ideal arabaiowing-ooupling apparatus atbasMof wings: /n frenulum; 
Fw, forewing; Af, humeral lobe; /Tie, hindwing; jb, Jugal bristles; Jugal 
|oba (Jugal MsUes rest abofve oosta of hindwing, but freimh^^pIsUes 
pass bsnea^ Jugal lobe of forewtng). 
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definite, jugal hh^, (jl), from the more disUl portion of which 
arineH a set of about a doxen small, but stiff and closely sot, juynJ 
{jh)^ which make contact with the cimta of tlie hindwin^ 
in flight. In the hindwing, there is a small but rpiito definite 
hnmerai lobe (A/), from which spring the two enormous bristles 
of the frentdtm (Jr), These latter, during flight, pass under -- 
and, indeedf quite beyond the interior Ixirder of - the jugal lobe 
of the forewing. The whole apparatus is eminently suitable for 
maintaining contact between the two wings in flight, without in 
any way linking the hind wing to the fore. 

In the wings of the family Nantun horUtidw (Text-fig. Jft), which 
are sjiecialised by*reduction, we 
meet witli much the same struc¬ 
tures. But in this case there is a 
single, streng, jugal bristle on the 
forewiug, instead of a set of 
weaker bristles. The flight of 
these insects is the stroiigest of 
any in the Order, and the wings 
are closely linked together. The 
linking is accomplished by the 
two sets of bristlea The frenu¬ 
lum passes under the jugal lobe, 
while the jugal bristle passes 
above the bases of the freiiular 
bristles, and presses down upon 
the costal area of the hind wing, 
thus forming a veiy neat and 
perfect coupling-apparatus. 

In the archaic jVmi;pufep(Text"flg.3), there is a peculiar special¬ 
isation not found anywhere else, to my knowledge, within the 
Insecta. The jugal lobe bears a very distinct, Mack iuhercle, 
prejeoting from its border. This tubercle appeare to have been 

* Wing-oenpliiig apparatus iu Mmptora. a, In Tteniochori^ ptUlida 
K. -P., wings oonneoted, viewed from beneath. In dipUr- 

o&teJ Till., wingi disoonneeted. (Both x83). Letteringsa in Tbxt-ilg.l, 
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formed by fusion of an original set of jugal bristles, as seen in 
(Jhoriaia, A franulutn is also present, but reduced in siEe. 

In all other lepiL'sentatives of this Opdfffiijithe jugal bristles 
appear to be either absent or very weakly formed] and the whole 
coupling-apparatus shows a 
giadual i^uction from dis¬ 
use, probably owing to a pi*g- 
gressive weakening in the 
flight of these somewhat laasy 
insects. Text-flg.S.* 

The (miminatioii of thib tendency is to be seen in the highly 
specialised Uittacidiv^ in which fore- and hiiidwings have again 
i*eturned to complete indepoiidenoe in 
flight, the wings becoming greatly nar¬ 
rowed and elongated, with petiolation 
of their bases. The coupling-appaiatus 
is here only represented by a vestige of 
the hutneial lobe, ftY>m which projects a 
single fmiular bristle, wliich crosses a 
similar bristle developed from the ex¬ 
treme bafte of the furewiDg(Text*fig.4). 
Ileviewing the above evidence, it is clear that the Ai’chetype 
of the Oitler Mecoptera must have had the complete archaic 
coupling-apparatus fully developed, very much as it still exists 
in the ancient Owrkti^ to-day« 



Texfc-fig.4.t. 


Order PLANIPBNNIA. (Text-fig.5). 

In this Order, the coupling-apparatus is again best developed 
in the more archaic families, notably in the UwMr^iidt» (Text- 
Jugal bristles are absent] but the frenulum is repiie- 
sent^ either by one or two strong bristles (/r). These bristles 

* Wittg-CKmpling appsrstui In Mtrttpt iyhtr Newm., viewed from above, 
■bowing the large, bUmk tuberole at bow of forewing: humeral lobe; 

(x40). 

t Beduoed wing-ooupling apparatus in HorpMiinmit iUltifwrdi K..p • 
bf brisOe devdoped from extreuie base of forewing; other lettering os in 
1Vxt-4g.l;(x40l. 
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project from the apex of a very strongly developed humeral lobe 
(hi). During flight, this latter lobe, together with its frenulum, 
paMCH under the jugal lobe of the foi-owing, which is hollowed 
out beneath for ite reception. 

The same type of coupling-apparatus is tu be found in all the 
other families, but it is generally much 
reduced in size, and does not appear to he 
functional. The tendency in the evolution 
of this Order has been to combine a pro¬ 
gressive narrowing of the wings with a 
gradual return tu complete independence 
of fore- and hindwing in flight. In the 
highest familioB, MyrmdemUidfB and Ai»ca- 
lajihidiB^ the bases of the wings become shortly petiolate, and the 
original coupling-apparatus can only be made out as an extremely 
Induced remnant at the very bases of the wings. 

For this Order, then, we must assume an Archetype in which 
the archaic outipliiig-apparatus was complete in all except one 
particular, vis., that the jugal bristles were absent. 

Order MBOALOPTBRA. (Text-figs.6-7). 

Throughout this Order, the hairy vestiture of the wings, both 
macro- and microtriohia, haa been very much reduced. The most 
archaic type of coupling^apparatus known to me within the Order 
is to be found in a genus not^ yet described, but allied both to 
the Ccrydaiidm and the Sialidm, This possesses both jugal and 
humeral lobes, of small sise, the latter with a few small hairs, 
the remnants of the fiwnulum. In Sialie^ the two lobes are 
present, but apparently hairless. 

In the Carydalidm (Text-&g.6), as exemplified by Arvhichauli- 
ode$j the only genus I have been able to study, the humeral 
lobe is much reduced, but the jugal lobe becomes a definite 
angular projection (j7) which presses down upon the costa of tlie 
hindwing. Further, the forewing overlaps the hind for a oon- 

* Wing-ooupting appavatos in Drtpamem' kimUiu MoL., viewed from 
beneath; ( x 94). Lettering ee in Text-flg.L 



Text-flK.5.* 
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siderable distance beyond the base; and; by pressing down upon 
it, serves to increase tlie strength of the coupling in this rather 
powerfully-flying insect. Tliis latter type of wing-coupling, 
which occurs also in many Trichoptera, and in some of the most 



Text-flg.6. 

Wing-oonpliug apparatus in ArchkhauHodei^ guii^tma Wrflk., viewed from 
above; (x 12). beginning of amplexifuim overfold; y/, Jugal lobe. 

highly specialised Lepidoptera, 1 pitiposc to term 

(Lat. an enibiuce). It is always conelated with the 

disappearanoB of the frotiuluni. 



Reduced wing-ooupling apparatus in Raphidia maadkoHU Steph. t (x 40): 

V, humeral bbe; jf. Jugal lobe; roughened tubercular paUdi. 

In the highest family of the Order*, the terrestrial Kaphidiidai^ 
both Jugal and humeral lobes are present, but without bristles. 
There is, howler, a very peculiar patch of roughened tubercles, 
situated on the posterior margin of the torawing, Just beyond the 
jugal lobe (Text-fig. 7, f). This may possibly hdp in mainlining 
oontaot between the wings in flight. 
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Fitiin the above evidence, we must presume that the Archetype 
of the Megaloptera pusseaaed a somewhat reduced coupling-appa¬ 
ratus, in whi^ the twi» lobes were present, the jugal bristles 
absent, and the frouular bristles probably quite vestigial. 

Older TRICHOPTERA. (Text-lig8.8-9). 

In this Order, the original wing-ooupling apparatus undergoes 
some remarkable developments, which have attracted very little 
notice from entomologists, so far. In all the oldest families, one 
can only racognise the jugal lobe, which is the atud lobf. of sys- 
tematists in this Order. This appears as a stnuigly projecting 
lobe at the base of the forewing, in such genera as JihgatH^AUa 
(Text-fig.8, jl). Theie are neither jugal bristles nor frenulum; 
and4he humeral lobe is suppressed, or else only slightly developed. 

In uu case does tliis jugal lobe pass under the hindwing during 
flight; it merely rests upon the costa from above. 

In the gloat nwjority of gonent, the jugal lube is absent or 
veetigial, and new elements of wing-coup¬ 
ling have mode their iqipeaiauce. This 
new type of wing-coupling Uumplaei/orm, 
is., it is brought about by an uverfold of 
the whole length of the anal area of tlie 
ferewing upon the costa the hind. But 
besideB this, there are many cases in Test.flg.8.* 
which the amplexitorm coupling is strengthened by one of two 
new devioes, as follows:-— 

(1) Between the anal vein ol the forewing, and the anal border, 
there may be developed a sii^le row of stiff hairs, all pointing 
forwards and outwards, on the underride hf the wing. The row 
.of hairs upon the costal margin of the biudwing is also stilihued; 
so that, during flight, furthn* strength is given to the amplexi- 
form eouiriing by the Intermingling of these two sets of stiff 
hairs. I have teen this type ut ooupling in an archaic Austin- 
lian genus of the family not ybt named. ' 

* Widg-ooupliug apparatus in 
abovet ( x )g): Jl, jiigsl ktbs. 
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(2) Much more commonly, and especially noticeable in the 
families I^Hoceridm and is a type of coupling 

which I propose to term vi^UiihamultUe (Text-flg.9). In this, 
the 1*0 w of hairs along the oosUi of the hind wing becomes special¬ 
ised, for a greater or less length, by the development of the bail's 
into stiff AcMiArs, which grapple the anal margin of the forewing,' 
and so bring about a very perfect form of wing-coupling. This 
type will be I'ecognised as that which also occurs universally 
throughout the Order Hymenoptera. 


T«xt tig.9. 

Row of hook lets developed alon(( the middle fiurtion of the oostal margin 
of the hindwing in Oncelin sp., iAuHtralia); (x 83), 

There are many genera in this Oi'der in which certain of the 
inacrotrichia Ijocome developed into series of large, stiff bristles, 
closely tt^mbling those of a typical frenulum. These most 
fi'eiiuently occur along the main veins, or portions of them. 
Bearing this iii mind, I have seai’cbed very carefully for a true 
frenulum in this Order, but I have not succeeded in finding one. 
Tn the males of the remarkable and highly specialised genus 
Ptecirviarmi^i whose systematic position within the Suhotxler 
Inmquipalpia is still a matter of dispute, I have found a set of 
two or three strong bristles in the position of the frenulum. But 
they are absent in the female, and they play no part in the 
coupling of the wings, which is of an advanced aniplexiform type, 
with tiro jugal lobe quite small and non-funotioual. In two other 
very spiny genera, vis., Chitmrrha, and an unnamed Australian 
genus having whorls of numerous spines upon the tibi^ there 
are also stiff bristles in the position of the frenulum, at least in 
the males. Those of the former genus are long and slender, and 
are arranged in two or more irregular rows, quite unlike a true 
frenulum'; whUe thoaeof t^ latter are also very kmg and slender, 
irregularly placed, and lyi^ iBat along the wing, parallel to the 
cMta. In neither ease do they play any part in wing-eouiding. 
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These developmente must be regarded as isolated specialisations, 
which must l>6 expected to occur throughout an Order in which 
all parts of the wing remain so well provided with hairs as in 
the Trichupiera. 

From the above evidence, we must conclude that the Arche¬ 
type of the Trichoptero ali*eady possessed a highly reduced 
coupliug>i^pat«tU8, in which only one of the four original parts 
was represented, viz., ihejfigal tobe, I'his type may be designated 
as the arcAaic jvgate (y}ie of witig-ooupling* 

Order DTPIERA. 

In this Ottler, owing to the loss of the hindwings, there is no 
longer any need for a coupling-apparatus. But we can rec*ognise 
the jugal lobe of the forewing, in the form of the Isisal lobe 
kii<»wii as the nhila in this Oixler. 

It is clear, therefore, that the Arohctyjie of the Diptera re- 
seiiiblod that of the Trichoptem in possessing the at^chaU: jugate 
tgfMs of wing-coupling, in which only the jugal lobe is present 

We might note here, pax'entbetically, that, in the other Holo- 
iiietabulous Order (the Coleoptera), in which flight is carried on 
by only one pair of wings, there may still be found evidences of 
the original proseiice of a jugal lobe; «.g., in cei-taiii Hydro* 
phUidm^ where this lobe is quite large and conspicuous, though 
it does not seem to perform any definite function. 

Older LBPIDOPrBRA. 

(Text-fig8.l0-16, and Plates xxix.-xxx., figs. 1-8). 

We have kept this Order to the last, because, within it, there 
are developed the most suiprising and interesting of all the 
specialisaticms arising from the old type of basal ooupling-appa- 
ratus, which we have already studied in the other Orders of the 
Oomplex. 

It has been frequently stated that certain families of Moths, 
viz., the Micropitryyidm ($ma. including Uie Eriucraniidm) 
and the are distinguished from aU other Lepidoptera 

by the nature of their wing-coupling apparatus. To these, May- 
riok(9) has lately added a third family, the iVotolAeorHl^ which 
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he oleims to be intermediate between the other two. Theee 
families together form the Suborder Jugatv^ of Comstock^ or the 
gmup Mioropteiygina of MeyHck. The latter author (a. p.797) 
thus defines the chataeier of the wing-coupling apparatus in this 
group;—Forewings with an oblique membranous dorsal piocess 
(jugum) near baset foiming with the dorsal margin a notch or 
sinus^ which I’eoeives the costa of the hindwiiigs. Hindwiiigs 
without frenulum/’ 

This may be taken as a standard definition of the j^igiUn type 
of wing-coupling; provided that we add what is perhaps not 
quite apparani at first sighti that this true Jughin passes undtn* 
the costa of the hindwing» and so forms the notch or sinus above- 
rnetitionedi in which the costa is held as in a finger-and-thunib 
grip. The nature of this coupliqg-apparatus is best understood 
by referring to Teyt-fig.!!. 

As contrasted with this jujfaU type, the rest of the Order^ is 
usually regarded as forming a single Suboitler Freiiatu*,^ in which 
the majority of the families possess a frenulum, but no jugum. A 
good definition of this ohaiiicter has been given by Moyrick(9, 
p.4):—^'Oenemlly from or near the baseof the costaof the hind¬ 
wing rises a stiff bristle or group of bristly haira, termed the 
of which the apex passes under m ahitinoua catch on 
tlie lower surface of tiie fbrewing, termed the thus 

serving to lock the wings together; the frenulum is commonly 
single and strong in the male^ muHiple and weak in the female; 
the retinaculum in the fetiiale is commonly reprewmted by a 
group of stiff scales.” 

However, certain families of the Frauata, including the gimt 
divisHin Rhupalooera or Butterfiies, do nut possess this frenulum. 
In those fonus, the coupling of tlje wings in flight i| brought 
about by the downward pressuro of the posterior ^a^ii or 
dorsum of the forewing upon the coata of Uie hind, the IinCMp^ on 
its part, pressing strongly upwards from benei^h. The humMal 

* 1 fail to ondentaod the use of the /emMiM plural, sinos thsae words 
an adieotives, sod should agree with the neater idutal 
1 propoMv Uiersfin«i in future* to write theqa/Hp^ sod i'Vumda, respoet* 
ively. 
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lobe of the hindwing is generally fairly large in them forms, thus 
allowing a greater area of the hindwing to pass under the fore 
than would be the case if it were normal in size, Thua.it will 
be seen that the type of coupling here represented is that which 
I have already termed, in the Megaloptera and Trichoptera, 
om/i/m/bem. I pi^pom to use this term to distinguish these 
groups from those possessing a frenulum, without in any way 
thereby indicating a belief that the amplexitorm groups in the 
T^pidoptera constitute a single line of descent. For it must be 
evident that thera is no reason why the frenulum may not have 
been lost independently along several distinct lines of descent, 
leaving us at the present time with several isolated aniplexiform 
groups, eai'h of which has its nearest relationship, not with the 
other but with a different frenate group. 

As an illustration of this, we find, in the CastHudm^ a family 
in which both the frenulum and the humeral lobe are well de¬ 
veloped. Fnun such a group, either a typical Frenate gi'oup or 
a typical Amplexifonii group might be descended; the former 
by reduction of the humeral lobe, the latter by loss of the 
frenulum. 

Considering that the condition of the wing-venation is of 
greater importance than the structuieof the wing-coupling appa^ 
ratuH, for the purposes of olassiflcation, I have already, in a pre¬ 
liminary report on this i'eHeai'ch(iS), suggested that the primary 
division of the Ijcpidoptera into two Suboideni should be based 
upon the former instead of the latter. 1 therefore defined two 
Suborders as follows:— 

i. Sttboider HUMONRURA. 

Venation of tore- and hind wings closely similar and of primi¬ 
tive design. (Families Micropt 0 rygidas (sens. Protothmnidar, 
and Hepialidm), 

iL Suborder HSTEROKEURA, 

Venation of hind wing reduced, and difibring widely from that 
of the torewing. (All the other fiunilies). 

The reason for discarding the older terms Jugata and Frenata, 
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in favour of thw new division, will be more fully appreciated 
when we have completed our study of the Mi<T<ipterf/gid(K, 

Adopting, then, the above terminology, we may now proceed 
to study in more detail the t]rpe of wing-oonpling apparatus to 
lie found in the two divisuinR or Suborders. 

i. Suborder HOMONRURA. 

Family M i c roptbrygi i >jk 

(Plate xxix., flg8.1-4, and Text-fig. 10). 

In this family, I made preparations from the wings of all five 
genera available to me, vix., Saimtinrn, Micropt^fyj', AfnemotticOf 
JlriacraniOf and JfnssarcAm. 

I should like here to thank the many kind correspondents who 
have supplied me with specimens of this family, at all times diffi¬ 
cult to obtain; and, in particular, Mr. Meyrick, for a series of 
set specimens representing all five genera; Mr. A. Philpott, for 
various New Zealand species, both set and in spirit, and for his 
valuable observations on the flight of Sabaiinea; and Mr. K. J. 
Morton, of Edinburgh, for a large number of spirit-specimens, 
which yielded excellent mounts and dissections. 

In dealing with this family, 1 was at once struck by the 
behaviour of the so-called jug^m in cleared and mounted speci¬ 
mens. Instead of arranging itself as a free lobe at the base of 
dorsum of the forewing, I found that it lUways insisted upon 
remaining twisted under the wing itself, and that this pontion 
could only be altered with difficulty, by drawing the jugum out 
from under the wing with a needle. (Pbte xxix., flg.l, and Text- 
(te.l0o,d). 

Referring to figures of this jugum already published, 1 found 
that Oomatock(l), Forbes(l)r And Meyrick (9,4) had all figured it 
as a projecting lobe, whereas Packai^dO, li) idone had dqiicted 
the true position; though without, apparently, any idea of its 
signiflcanoa 

Turning next to the examination of cleared and descaled 
mounts of the hindwing, I found invariably from three to six 
large basee d insertion (Plate xxix., fig.8, and Text-fig«10, 
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of a circular shape, situated along the costal border in the region 
of the humeral lobe, this latter being only a slight prominence. 
Comparing these with the bases of insertion of neighbouring 
scBle8(«j), I found that they were of very much greater sise, as 
well as of more regular shape. Tt was evident^ therefore, that 
they were not the bases of either typical scales or of hairs, but 
that they must Iielong to a series 
of strong which had been 

removed during the process of 
descaling. This led me to infer 
the presence of a true frmnhim 
in this family. 

The next step was to examine 
set specimens from the underside, 
under a fairly high power of the 
microscope. To do this^ I clipped 
ofiP the pin close to the underside 
of the thoiax, and then inserted 
the head of the pin into a piece 
of indiarubber^ so that the moth 
was exposed ventral side upper¬ 
most. By this means the lens 
could be brought close down upon 
the wings, without touching the 
pin. Text-fig. 10.* 

The immediate result of this examination was the discovery of 
a set of strong bristles, nearly always three or four in number, 
more rarely two^ five, or six, constituting a tru 0 yWnu/um, but 
directed outwards and upwards at a very slij^t inclination to 



* Wing-ooupling apparatus In Sahatiwa uMsonpraetfa Walk., (New Zea^ 
land, fam. MkrQjOer^fgi^v ): a, base of dorsUm of forewing In ?, viewed 
from beneath; (x 88): h. base of costa of hindwing in 9 (dawsaled); (x 88): 
c, portion of the same enlarged, to show insertions of frenular briitlM 
(6^/Vv) and insertions of so^es (sp.) from a part of the same wing for oom<* 
parison; (x 820); d, basM of wings in 4 , the forewing viewed from 
beneath, the hindwing from above; (x 83): >V, frenulnmil W, humeral lobe; 
if, ]ugal lobe. (Qf. Plate xxix., fige.1-4). 
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the costa of the win^ (Text-fig. 10,^)* If. U iheiM and 

9ud (hi coMa of th hinduring tvAicA bfcam^ tmgag^ in the 
dit or eittm formed between the jugum muf dorsum of the /oreunng. 
Although the diftioulty of setting these tiny moths in the natural 
position must be very great, I actually found three specimens in 
which one or both wings had become engaged in the natural 
manner; and one of these came from Mr. Meyrick's own col¬ 
lection. 

Wishing to have my result tested in the field, I wrote at once 
to Mr. A. Fhilpott, of Invercargill, N.Z., asking him to investi¬ 
gate the coupling-apparatus in the wings of the living insect, and 
sending him careful drawings of my results. The only species 
that he was able to study was a new species of Sahatinm^ of 
which he reported that the coupling apparatus was exactly the 
same, in structure and position, as that of ineongi'udta^ repre¬ 
sented in my dmwings. He also added some valuable notes on 
the habits erf flight and rest in this species.^ 

We come, then, to the following conclusions with regard to the 
Mieroiderygidvt :— 

(1) Tn so far as it is a fact, that a definite and well-developed 
frenulum is present in this family, they are of a /rewUe rather 
than a jugate type. 

(2) In so far aa the aooalled jugum does not pass backwards 
under the hindwing, so as to engage the ooata in a fiuger-and- 
thumb grip, it is not a true jugum, but must be termed a jugal 
hbe; also, for the same reasoii, these moths are not true ji^gate 
types. 

(.S) Since the Jugal lobe is turned forwards under the forewiug, 
and acta as a catch for the frenulum, it is clear tliat it should be 
legarded as an archaic form of retinaculum^ analogous to, but 
^^t homologous with, the retinaculum found in the true Frenate 
forms.' 

(4) From this, it will be seen that the Jficropierffgida combine 
V in themselves certain characters belonging to both Jugate and 
Frenate types. 

* IhsM ars given in an Appendix to this on p.313. 
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T propose, therefore, to designate the kind of wing-coupling 
apparatus found in this family as .higo-frenate. 

Apart from the specialisation shown in the actual underfoldirig 
of the jugal lobe, and the consequent alteration in tho diiwtion 
of the fmiulnr bristles, so as to lie more nearly parallel with the 
costa of the hindwing, it will at once he> seen tlj^at this type «)f 
coupling is the exact homologue of tliat found in the older Oivlers 
Mecioptera and Planipennia. It agrees more closely with the 
latter, since both have lost the jugal bristles; but differs from it 
in the larger number of frenular bristles, and in the less definite 
development of the humeral lobe. 

Thus we ct»me to the logical conclusion, that the ai'chaic jugo- 
frenate type, fuutul in the older Orders of the Panorpoid Complex, 
is represented, at the veiy base of the Lepi<loptera, by a some¬ 
what more specialised jugu-frenate type, in which the retinacular 
nature of the jugal lobe, already existing in the Planipennia, is 
more accentuated by underfolditig, so that the fienular bristles 
are held in a firmer grasp. 

Having now fully reviewed the position in the 
we may pass on to consider the mort^ specialised families. 

Families Hrpialidab and Protothro hi da, 
(Plate XXX., flg.6, and Text-figs. 11-12). 

In the //pptoZidrs, I have studied all the Australian genera 
availably together with the IVdiearctic genus of which 

I possess a number of specimens. In the Proto«Am*id!r», 
through the kindness of Dr. P^ringuey, Director of the Booth 
African Museum, Capetown, 1 have received two specimens for 
study, one of which proved to belong to Mr. Meyrick’s ProUh 
ihmra p^tromna (•), while the other appears to represent a new 
species, not yet described. 

The typical jngitm found in great majority of the Iftgn- 
alidm, and also in the genus PmlegAsom, is shown in Text-fig.ll, 
and also in Plata xxx., flg.ft. It is a long and fairly stiff Anger¬ 
like process (in most species carrying very long and abundant 
hairs), which projects wdl bdow the costa of the hindwing 
during flight, and engages it in a strong flnger-atid^thumb grip. 
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The reHulting flight is, in most casen, exceedingly swift and 
strong; indeed, there is one Austmlian species common enough 
about Sydney, PfruHeetin auitrafmur Don., in whicb the males 

fly 80 swiftly as to be 
almost invisible, and 
are most difficult to 
catch. One has only 
to watch, too, the man- 
(puvres which botli 
sexes carry out during 
courting, to be con¬ 
vinced that dexterity 
of flight is carried very 
far in thia family, and is certainly not surpassed by the greater 
number of Heteroneurous forma. We may, therefore, regard 
Uiia true jugate type as a high specialisation, veiy superior to the 
jugo-frenate type of the Mieropt$ry^idm, 

fn the genus Pro/ii/Apom, I find no difference from the typical 
jugate type of the llepialida?. The jugum is long and narmw, 
and the costa of the hindwing is quite devoid of bristles. 

In the new (undescribod) species of the Protothe<yrida which 1 
examined, there is a more primitive type of jugum, in the form 
of a triangular lobe, only slightly more prominent than that to 
he seen in many Tricboptera. As in this latter Order, this lobe 
does not act as a true jugum, but appears to rest upon the upper 
surface of the hindwing, just overlapping the costa. I do not 
know whether this character is a constant for this species, having 
only examined one specimen. It should be noted that, in study¬ 
ing a long aeries of a very similar development mani- 

festa itself occasionally in one or both wings, especially in the 
genera Charogia and Parwa, Such oocaebnel developments are 
to be regarded as strictly atavistic, and indid^ the evolution of 
the hi^ly specialised/ugnm from the older yugof lobe. 

* W^ing-ooapling apparatus in Cfharagia tsaimia Scott, viswsd from 
bsusatb, with hairs removed; (x 1^): y, jugum; y«, jugal staus. (Cy. Platt 
xxx.,>fig.e}. 
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Some interesting deviations from the normal jugate type may 
now be noted in the HepicUidc ^:— 

(1) In the genus Pidm^ the jugum is a hard chitinous i*od, 
somewhat truncated at its tip, and placed so as to pniject de¬ 
finitely beneath the anal area of the forewing (Text-fig. 12). It 
is quite impossible to make this rod pass under the costa of the 
hindwing, either in the living or freshly-killed insect. Rut it 
will fit quite easily akiiv; the costa of the hindwing, near the 
base, where there can be found, in specimens that have been on 
the wing, a deep groove worn in an oblique direction in the dense 
hairs that clothe the area around the humeral cross-vein. 

Tt would appear, then, that this genus diflbrs from the rest of 
the family in liaving the jugum resting above the costa, not 
lieneath it>, and also in the structure and position of the organ 
itself. We should, therefore, regal'd this genus os highly 
specialised. 

(2) Til the genus LHo^ some speciiiiens show a very weakly 

formed jugum of vety 
small size for the bulk 
of the insect; while 
others liave none at 
all. The bases of the 
wings are densely 
clothed with long, soft 
hairs. The method of 
coupling in these mag¬ 
nificent insects, which 
are said tohave^g^t Text-fig. 12.* 

powers of flighti appears to be practically amjofea;(/brm, the anal 
field of |he forewing being bounded anteriorly by a very strongly 
develop^ lA, and overlapping the costa of (he hindwing to a 
considerable extent in flight. 

' (3) In the small moths of the genus Frmis^ the jugum is very 
diort, yet it undoubtedly secures the oosta of the hindwing in 

* Jugum of iWusibBofMaftMDoa., 9, vlewsd from beneath, to show 
natural poeition under anal area of fmwlng; (,x9). 
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the typical manner. Of the New Zealand Porina nmhraeidaia^ 
Mr. Philpott writee, **the jugum is ro email aR to aeem worthless 
as a coupling in the manner of flnger-and-thumb.” 

Thus we see that there is a considerable diversity in the form 
and function of the jugum, as developed in the Nfpialich. 

The discussion as to how the highly specialised jugum of the 
Hepitdida is related to the jugo-frenate type of coupling-appa¬ 
ratus found in the Jficropterygidfr is best left until we have 
dealt with the Hetei*oneura. 

ii. Suboitler HETKRONEURA. 

A. Frkkatk Types. (Plate xxx., figs.6-8, and Text-figs, 13-16), 
Meyrick’s excellent definiticm of the frenate type has already 
been quoted on p.296. We may now profitably study, in more 
detail, the differences between the female and male types. 

These differences are clearly correlated with differences in the 
power and frequency of flight. In those forms in which the 
female flies but little, the frenulum remains small, and composed 
of a number of separate bristles, while that of the strongly-flying 
male may be very large and strong. But in other forms, in 
which both sexes fly almost equally well, the frenulum of the 
female may be almost as strongly formed aa that of the male, 
though never consisting actually of a single bristle. 



. Tsxt-flg.18. 

Witig-ooupling apparstos of Hippoinm scrqfa (Boisd.)i 9, Showing fr^« 
ulnm of sight separate bristles, and retinaenlum of hain arising from 
oahltas(OlM); viewed from beneath) (x 16)i A/, humeral bbei. 

Text-flg. IS shows theof aifemafoSphingid {Hippoiion 
Bpisd.)* Ibe bristlee composing it are eight or nine in 
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number, all quite separate, but closely sot together, as shown in 
the figure. 

The retinoiinhtmf or catch, which holds these bristleH in place, 
is a very generalised structui^, being nothing inoro than the 
somewhat stift'eiifsd hail’s or scales which arise {rum the underside 
of the cubital vein of the forewing, and j'un obliquely furwani 
and distad. The manner in which the fitmitlum is held in place 
by these hairs is closely similar to that by which the juguui of 
Pkhis is held in its groove by the hairs on the costa of the 
hindwing. 



Text-fig. 14. 

Wiiig-ootipliiig apparatus of Pinnia t^ertMlafa (Uu6r.), y, Mliowmg fruti- 
uliim of two strung bristles, and rettnavulum of stiff hairs arising from 
uubitns (CV); viewed from beneath; ('<30): /(/, humeral lobe. 

In the Noctuid genus 2*huim, in which males and females fly 
almost equally well, we may see a much more highly specialiHed 
coupling-apiianitus in the female. Hera, the frenulum is com¬ 
posed of only two (suinetimes three) bristles, apparently formed 
by tlie fusion of an original greater number, and almost as lung 
as those of the male. The retinaculum, too, is more strongly de¬ 
veloped, the hain» being stifier and more closely set, so as tofoi*m 
a very definite catch for the frenulum (Text-fig. 14), 

Turning next to the males, ve find, in every case, a highly 
specialiMed condition present (tPlate xxx./flg.8, aud Text-fig. 16). 
Here, the frenulum is represent^ hy a single huge bristle, 
which may even reach toliore than half the length of the wing, 
os in the family /VycAicfce, Au Packard (Ifi) has already sliowtt, 
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if this apparently single bristle be cut aci^tss near its base, the 
separate interior channelM of the bristles of which it is actually 
composed can be easily I'ccogiiibed. Thus, we see that the large, 
male frenular bristle is not formed by hypeilrophy of tme of the 
original series at the expense of all the rest, but by fusion and 
lengthening of the whole set. The longitudinal fluting viHible 
along the somewhat flattened basal part of this bristle is also 
evidence of its composite nature. 

R 


Wiiig-ooupling apparatus of 9rro/u (Soisd.), ^ , sKuwiug siiiali;, 

strong, frenular bristle, engaged in hasp-like ohitinoUH retinaculum 
developed from the radius (jK); viewed from beneath; (x 14); /if, 
humeral lobe. 

Tlie reftieocufiim in the tnal^ is a highly specialised structui^, 
having no komologue in the female, or in any other insect. It 
consists of a strong, curved, ohl^nous catch, directed posteriorly 
tow*ards the hindwing, and developed from the underside of le 
strong radius of the forewing, not veiy far from its bB8e.\jnii8 
stracture is hasp-shaped, and forms a very efficient catch for the 
frenulum, which is able to slide to and fro within its grasp, 
during flight, without running any risk of becoming detached 
(Text-flg.lS). 

It is curious to note the difference in action inquired for the 
coupling of the wings in the two sexes, owing to the difibrence 
in position of the retinaculum. In the female, we must move 
the hv(kiMng sharply forward, and then let it fall gently bock, 
•0 that the frenulum may become engaged in the catching hairs. 
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But it is necessary to move the fortwing sharply forward, if one 
debits to secure the coupling of the two wings in the male. In 
doing this, the stationary frenulum is caught up by the moving 
hasp-like retinaculum; and the grip, once effected, is not easily 
lost. 

We may summarise these results briefly as follows:— 

Ftmnlt ,—Unspecialised yrmuffm of from two to nine separate 
bristles set closely together. Unspecialised rHinaailum of stiff 
hail's or scales dii^ected anteriorly, and developed from the under¬ 
side of the cubitus of the forawing. 

Male, —Specialised frenulum of a single, large, composite 
bristle, formed by fusion of the original series of separate bristles. 
Specialised relituuiulum, in the form of a chitinous hasp, directed 
posteriorly, and developed from the underside of the radius. 

B. Ahplbxiform Typks. 

The groups which have lost the frenulum and adopted the 
amplejx'xform type of wing-coupling (in which connection is main¬ 
tained simply by overlapping of the anal area of the forewmg 
upon the well developed costal area of the hind, including the 
enlarged humeral lolie) may be arianged in three super-fmiiies; 
viz., the Baturniina, the lAisiooampina, and the Papilionina or 
Rhopalooera. These thi'ee do not appear to be very closely 
rolated. 

The Saturniina comprise the large and highly specialised group 
of the Atlas Moths or Emperors. These possess neither f ronulum 
nor proboscis, and have a highly specialised venation. Meyriok 
places them as the last of his series Notodontina; but this 
arrangement does not seem to be generally accepted by other 
Lepidopterists. 

The lasiocampina form a natural group, if the E^tptoroiidkit 
and Drepaniiin be included in them. In the former family, a 
frouulum is present; in the latter, most of the genera show a 
small or reduced frenulum. In the other two families, the 
Endromidet and Latiooampidmf the frenulum is absent. These 
last show a very high spec^sation of the amplexifonn arrange^ 
loent, in certain genera. For instaiioe, in Lanocampot the 
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hatiieral lobe is greatly enlarged, and is supported by a series of 
iticently formed ribs or oi'oss-veins. 

llie Fapiliuriina form aiioUier natural givtip, whose origin 
appears to be much iu doubt* Moyriuk and Uainpsoii eonsider 
them to be derived fmin the ThyAdid^H. The y/es/M?/*ttdrr, huw- 
ever, grade so closely into the iJminiidm in Australia, wbera 
foruiH like Exinche^non ara of Hesperiid structure in all but the 
[XMisessioti of the ftt^uuluin, that it is diilicult to cast aside the 
belief, held by the opposite school of Lepidopterists, that the 
CtxMlniidtB closely approximate to the ancestral form from which 
the higher Butterflies, thivugh the have been derived. 

C. The FAuav Castniidab. 

Much light can lie thi'own U}H>n the evolution of the two types 
of freiiuluiti, in the male and female of Ueteixiiieura respectively, 
tis well as upon the origin of Amplexiforin types, by the study of 



'J'ext-fiK-lfl. 

Wiiig' 0 <iupling appanitas of Ae»p€>oldeA Feld*, d, viewed from 

l^iieatlii i X lA); /r, fnmulumt Fw, forewitig; /r«r, hindwiiigt r/, re- 
tinaouUtni developed^fram radius (if); rt\ retinaoulum developed from 
xmliitue (6^»); in $, this latter alone ooourB. 

the family CastniidtB.* In this family, both the humeral lobe 
and the franular bristle may be seen wtdl developed, in such a 
genus as Synman (Text4g.l6). In the malee of this genus, the 

* For theaupply of materiid for study in this family, 1 am indebted to 
Mr. Geo. l^e», F.E.8., of Gisborne, Vie: 
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fi^Bnulum is of the usual type» t.e., elongated, and with all the 
bristles fused together into a single, strong bristle. Tn the 
female, thei« ui*e two long and delicate bristles (as in Ptimitia) 
HcctHiipanied us^iatly by seveml shorter bristles at their liase. 
The rotinaeulum of the female is of the usual type, consisting of 
a patch of forwaitlly prajeeting scales, developed on the under¬ 
side of the cubitus of the furawiug; but this ratinaculuiii is situ¬ 
ated HO far fivm the wing-base, that only the two longer bristles 
iuiu liecume engaged in it, atid tlte couuectioii appears to be easily 
lost during fliglit In the male, this retiiiaculuin of scales upon 
the cubitus is rtfniihed quitn (Text-flg.lB, rt% to¬ 

gether with an additional development of a diyhf uvt*t^ufdinff of 
the edge of the ladiuM in a backward direction (rf). Usually, 
during dight, the fmiuluni of the male Is caught in^tlic curve of 
this ovorfold, as shown in the ftguie. But if, at any time, the 
frenulum slips out of this somewhat precarious hold^ it is then 
caught up by the still existing retinaculum on the cubitus, and 
the insect can continue its flight in the manner of the female. 

Thus we see that, in the type of coupling-apparatus 

for the wings is inucii closer, in the two sexes, than it is in other 
fivnate moths; and we can scamly doubt that the cuuditioii in 
the male of this genus is that which pi*eceded, in the males of 
other frenaie moths, the moiv specialised condition that we find 
in them at pi-esent. 

If now, we turn to the genus Emehemmiy which is claimed by 
Hocie authoiii as a moth, by others as a butterfly, we find that 
the male has a well-developed freiiulnm and retinaculum of the 
type found in otlier frenate moths, more highly specialised 
than in Sywsmofn. But, on examining the female, I was Burprised 
to find no trace whatever of a frenulum or retinaculum; and it 
it is evident that this sex couples its wings in the amplexiform 
manner of the Butterflies, by means of its large humeral lobe, 
llius, judged only on the form of its wing-coupling apparatus, 
the male of Eu 0 diiemon is a frenate moth, tiie female a butterfly. 
This genua, then, exactly bridges the gap between the old sub¬ 
divisions Uetoixicctu and Rhopalucera*. That tins is not a mere 
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chance convergence^ I ehall hope to prove in detail later on, when 
u e come to consider the question of lar\ al forms; the larva of 
Entsck**mofi being, in almost every respect, that of a typical 
Hesperiid. 

From the above evidence, the origin of the Amplexiform type 
of wing-ooupHng in the Butterflies is naturally suggested as fol¬ 
lows. The ancestors of the Butterflies must have had a wing- 
coupling apparatus of the type seen in Synmnwi at the present 
day. By developing a manner of flight diflerhig^^ljlknn that of 
the moths, pHncipally in the greater amplitii^r of wing-sti*oke 
but lesser number of vibrations per second, the delicate, elong¬ 
ated bristles of the frenulum in the female first began to fail to 
hold the wings in position. The retinaculum being already too 
far out for tbe shorter bristles to be of any use, the whole 
frenular apparatus would then i*apidly become aborted, and the 
insect would depend upon tbe pressura exerted by tlie large 
huineiul lobe ol the hindwtug for keying the wingK in position. 
That is to say, the Amplexiform type of wing-coupling first 
became adopted in the female only, as we see it in 
at the present day. Next, considering the question of the male, 
evolution could ftill proceed ahnig one of two directions: either 
the overlolding of the radius might continue to increase, until 
an ttflicaeiouH, hasp-shaped ratinaculum (of the type seen in most 
male franate moths) had been developed, thus saving the stronger 
frenulum of this sex from extinction; or the line of evolution 
might follow that of the female, presumably by the change in 
the method of flight making it imposstble for even this strong 
frenulum to continue its hold upon the retinaculum, at a time 
when the latter had not^yet reached the hasp-shaped stage. In 
that case, frenulum and retiimculum would, in the end, become 
aborted, as in the female, Uud we should arrive at the full Am- 
plexiform type exhibited by tbe Butterflies in both sexes. 
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The foUowing Table will exhibit, in a oonoise manner, the 
differencee in the condition of the wing-coupling appantue studied 


above:— 



Group 

Hex 

Frenulum 

I 

Betinaoulum 
on onbituH 

Retinaculum 
on radius 


(! 

9 

Hhort unhtifed 
i bridiles 

present | 

absent 


Typical j 

Hetorotieura | 

<5 

single long briti- 

absent 

present 


1 


tie <original 
briMiles fused) 


1 

1 





1 

absent 


VSyiieinoa 

9 

two long and 
several short 

pi'eseiit 





bristles, nnfused 




^y»emoH 

6 

•ingle long bris¬ 

present 

present, 



tle (originiu 

• 

Weakly 




bristles fused) 


formed 


h/tuiehemoH 

9 

absent' ^ 

' absent 

absent 


fSiUichtmou 

S 

single long bris¬ 
tle (original ' 

1 absent 

present, as a 
strung hasp 




bristles fused) 


Papilionina 'j 

Saturniina* V 

lABiooampina* (prir- j 

9 i 

absent 

' absent 

\ 

1 

absent 


Form or thk OouPUNo-APPABATue in thk Archrtypk op yhb 

liKPlUOPTRRA. 

Reviewing' all the above evidence, it becomes clear that the 
oldest existing form of coupling-apparstus, vis,, that of tlie 
Mianpbfrjfffida, i s already specialised in a direction from which 

* It is not mggMted here that the evohilkni of the amplexUorm tgrpe In 
the Matamiina and Uwiooampina has been ahmg the lanw Unee aa that of 
the PsptUonina. In the leahioampina, at any rate, a study of the eon- 
dltions to be seen in the DrtpmMm wonkl snggest a divaot desoent Zrom 
Bnpteratid-Iike anoestors with the fronate wing-eonpUm apparatus fully 
devaloped. Thus the FSpilJkmina are probably of remoter origin than 
either the Batumlina or the higher faipiBseof the laainoampina. 
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the true Jugate and Fi'cnate types cannot possibly be denved, 
because of the alteration of the diiection oi the frenular bristles, 
aiul the tuming-under of the jugal lobe. We must conclude, 
thei'efui'e, that the Airhetype of the Lepidoptera possessed a 
primitive jugu-frenate type uf coupling-apparatus, of the form 
found in the Plaiiipeniiiaj with all parts pi*esent and normal, 
except the jugal bristles, which wera absent. 

GxNKRAt Conclusions. 

Reviewing the evidence affottled by all the Orders of the 
Fanorpuid Complex, we may legitimately arrive at the following 
conclusions:— 

(1) The original coupling-apparatus was situated at the liases 
of the wings, and was of a primitive jii^oifrenate type, in which 
each wing developed a slight lobe towards the other, and these 
lobes bore projecting bristles which came into contact, and so set 
up a tactile coiiiiection between the two wings, to help in the 
Cixndination of the act of flight. By iuciease in the siase of the 
lobes, or the length of the bristles, the connection became of a 
more intimate kind, a certain amount of pressure being exerted 
to keep the wings in position during flight. 

Til this primitive typo, thera wei*e originally" four elements 
1 ‘epi'esented, viz., the jitgal hba with Oh jiiffol on the foi*e- 

wing, anc^ the humeral lobe with i\»/rmulum on the hind. 

(2) Tlie only Oitler which has retained this ^cient type of 
coupling-apparatus in its eDtiitaty is the Mecoptera; and, in this 
Older, the appamtus is only fully functional in the two archaic 
families Uhuritiidm and Natmoekorutidm, 

(3) By loss of the jugal bristles, and by increase of the size 
of the two lobes, there arose the lucdiflcation of the jugo-franate 
type seen in the Flanipenuia. This also is only fully functional 
in tlie older families, sucli as the Iltsme/rohiidtH, 

(4) By loss of the frenular bristles, reduction of , tbe 
humeral lobe, and increase in the size of the jugal lobe, there 
arose the, series of types seen in the MegalcqpteFa, Trichoptera, 

^nd tlio true Jugate Lepidoptera {U^uiidai and Prototheoruim). 
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Thone parallel reductions irnist be conceived of as having taken 
place quite apart from one another phyletically, and pi*obably at 
quite diffei^nt geoh^ical periods* Tliough passing through the 
same series of reductions, these three groups arnve at quite 
diifeix'nt final rasults, as may be seen by comparing Raphidia 
(Text-flg.7) with (Text4g.9) and with CAani^ia (Text- 

(5) The highest Hpecialisation of the old jugo-frenate type, still 
pi^rving the original characters of that type, is the jugo-frenate 
type of the MicrojHt^ryyidaft in which the jugal lobe is folded 
under the forewing, so as to become diraoterl forward and out- 
wal'd, and the franuUiin becomes engaged in the groove so formed. 
Thus the jugal lobe functions as thfi mo»i m^ehaic farm rHina- 
cnlum yH ducomrd. 

(6) The origin of the specialised jugiim of the H^ialidai and 
Pi'otiiihAtrridfi*. is not to he traced directly from the Micropterygid 
type, but from an older, unspecialiaetl, jiigu-fi'enate type, such as 
we find ill the Planipennia. The jugal lobe remains projecting 
outwards and downwards, nut turned forwards to pass under the 
forewing. At first, it rested upon the costa of the hind wing, as 
in the older forms of Trichoptera. The frenulum, being useless, 
diaappeai^d. A later and higher specialisation led to the lengtli- 
ening and narrowing of the jugum, and finally to its adopting 
the position seen in most of the Heptalidte, 

(7) From this, it follows that no existing type within the 

I^pidoptera of to-day represents the true ancestral form or 
Archetype of the Order. TKat Archetype must have possessed 
an jug<h/r«na$e eoupling-apparaiutf probably with¬ 

out jugal bristles, as in the Planipennia to-day. Hie develop¬ 
ment of the specialised jugo-frenate type of the Mieropteryguke^ 
on the one hmid, and of the specialist jngaU type of the 
oRdm and Pro^oRmrid^ on the other, must have proceeded upon 
divergent lines. 

(8) The frenate forms amongst the Lepid<q;item are also de¬ 
rived from the arefaetypio jngo-frenate forp, and not directly 
from the Mwr<^pl;erygiim^ as is proved by the bristles cl the 
frenulum maintaining their original dirfctjeii. This line was 
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evolved nimply by lose of the archaic jugal lobe, with correlated 
reduction in size and strength of the hindwing, as it became 
more and more dependent upon the fore in flight. 

llie mtist ancient type of frenate coupling is that preserved 
for ns in the females of the whole series, where the bristles 
remain short and unspecialisod, and the retinaculum is former! 
simply from the brush of stiflf hairs or scales, that project for¬ 
wards from the underside of the cubitus on the forewing. 

Tn tlie males, there is a higher degree of specialisation, the 
frenuiar bristles becoming fused together and greatly lengthened, 
while a new and more eflflBctive retinaculum is developed from 
the underside of the radius in the furewtng, in the form of a 
posteriorly projecting hasp or catch of chitin. 

(9) The amplexiform types amongst the Lepidoptera Hetero- 
neura are to be regarded as a series of separate developments 
(probably three in number) from originally frenate ancestral 
forms. Of these, the most evident connection would appear to 
be that uniting the frenate CoBiniido!, with their well developed 
humeral lobe and clubbed antenno), with the very similar but 
non-f renate 

(10) The only portion of the original coupling^pparatus left 
in the highly specialised Order Diptera is the jugal lobe, which 
becomes enlarged to form the alnla. 

We may now exhibit, in the form of a short Table, tlie state 
of the coupling-apparatus in the various existing groups, to which 
we must add the Archetypes of the several Orders, as these 
results will be required in the final discussion on the Phytogeny 
of the Orders. (See pp.316-317). 
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SumilWTRD CLAfifllFlCATtOH FOR THR LkPIDOPTERA. 

The characterfl here ntiulied, though not suitable for the main 
subdivision of the Order into two Subordersi may be legitimately 
used for the sulxlivision of the first of the two Suborders which 
we have liased upon the wing-venation, viz., the Hoinoneura, 
They cannot, however, be used in subdividing the Hetenmeura, 
since the threti Ainplexifonn groups do not lie along one single 
line of descent. 

We may, therefore, adopt the following classfication;— 

Older LEPTDOPTEHA. 

1. Huborder HOMONKURA. 

Venation of fore- and hind wings closely simitar and of primi¬ 
tive design. 

Division A. JuGO-PRRNArA.—With archaic jugo-freiiate coup- 
]ing*apparatus consisting of jugal lobe, humeral lobe, and frenu¬ 
lum; the jugal lobe turned under the forewing, and acting as a 
I'etinaculnm for the forawing.Family Micropttrygidoi (s.lat.). 

Division B. Juoata. —With specialised jugate coupling-appa¬ 
ratus; the frenulum absent, the jugal lobe elongated and nar¬ 
rowed, usually passing beneath the hind wing. 

.Families fftpialidm and PrUotheoridat, 

2. Suborder HETRRONEURA. 

Venation of fore- and hindwings diasimilar, that of the hind- 
wing being strongly reduced in comparison with tliat of the 
lorewiug. Coupling-apparatus of frenate type, except in three 
of the highest groups, in which the frenulum is absent and the 
coupling is of the amplexiform type. 

(Division of the immense number pf forms into superfamilies 
and families must be based upon wing-venational and other 
oharaoters). 
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Appimdix. 

Note OD tlie heUte of flight and resting position of Sabatimea. 

The foUowing note, oommunioated to me in January last by 
Mr. A. Philpott, <A Invercargill, N.Z., throws some new light 
upon the habits of this archaic genus:—“Since returning home, 
I have been watching for the new species of SabtUinea in a little 
bit of bosh near my house. The weather is still broken, but on 
sunny days I have been able to learn a little about this qpecies. 
I have seen several, always on or near certain mossy logs. The 
moth sits with its wings held roof-wise over the body. Ibe head 
and thorax are held high up, as if ready to jump. When taking 
flight, the insect seems to spring into the ur with closed wings, 
and then to fly forwards in a rather feeble and fluttering manner. 
Th^ do not fly far; five or six feet is a rather long distance for 
them, 'ilie antennie are always held widely separated, pointing 
obliquely forward and upward. I am keeping some in a jar with 
moss, in an endeavour to get some eggs and larva, but with no 
result so far. When touched, these captives spring an inch or 
two sideways, backwards, or forwards with equal ease; The 
feeble fluttering flight of this species, and I suppose it to be ohar- 
aoteiistio of the genus, is in maibed contrast to the strong, 
swift motion of the ffqnalida. The jugal lobe isfolded 
bank as in ,3. MoongnMifo; the frenulum is similar to your 
drawing. 


BIBUOaiUPEY. 

(Of Nos.1-7, alNsdr qnotsd in the Jatradnotioo to this work, driy Koa 
I, 8, and 4 am rsfsrrsd to in Part J.). 

1. OoMSIoaK, J. H., 189S.—Bvftofiat and Ta»noin|r, In “lbs Wilder 
QnartiiOsnttaaiy Badl." IthaaB, N.Y., UM, pp.S7‘lt4. 

8. Mmiax, 8., 1W6.<—Hisiiidbook of Brltiaii' LspidoptBca. London, 
Msanitisn and do., 188B. 

I,-1- , IV^—Mknfttrugidm in “9*"*'* Dwedtonus,’' Faso. 

ISL Prasasla. M. P. Wytsaan, ms. . 

I. Ibatta, W. T. U., W4.—“ Tbs North. Anierloan IkmiUss of Lqd- 
doptam.” Psy^ 1914, xxi., Ne.8; ppbM-OS, 



BV B. J. TILLTARD. 


319 


9. Mmruoxi E.* 1917.—^'Deiorlptkttia of South Afrioui Lepidopten.” 
Ann. S. Afrloan Mub., 1917» xvii.» Pt l.| Nal, pp.1-19. (Proto- 
ihtandm^ pp,17-19). 

10. Packard^ A. S.» 1895.—“ Mooognph of the Bombyoine Mothe of 

North AmerioA.'’ Mem. Nat Aoad. Soi., Waehingtoni 1895t vif., 
No.l, pp.5-890. (See p.82). 

11. -, 1898. Textbook of Entomology. New York. The 

MaomillanGo., 1898. (Seep. 188). 

19. Tiu.rABi>, R. .T. 1916.—“ Stupes in Auetralian Neuroptera. Na iv.*' 
Ptoo. Unn. Boo. N. S. Wales, 1916, xU., Pt ii*, pp.869-882. (See 
p.286, and PL xiv., 6g.l9). 

18. '■ I 1917 ,—** The Wing-Venation of Lepidoptera.” (Pre¬ 

liminary Report), 1917. xliL, Pt i„ pp. 107-174. 


EXPLANATION OF PLATES XXIX.-XXX. 

Plate xxix. 

Fig.l.—Jngum of MkropUryx mnmcdla SoopoU, viewed from beneath} 
^ (X150). 

Fig.8.—Frenulum of laroe, viewed from beneath; (x 180). 

Fig.3.—Humeral lobe and beaea of ineertion of frenular brittlee in iSoAa- 
^moa tfiGoiipnc«/fa (Walker)i ( k800). 

Fig.4.—Frenulum of MkropUrpx ihvtiUrgdla Fabr,; (x 185). 

(Photomiorograpbs from demaled, cleared and mounted speoimeni. 
The Jugal lobe in Fig.l, and the humeral lobee in Figs. 8 andi, have 
become eraoked aoroM near their baaea, owing to the preeaureof the oover- 
glaaa upon old and brittle material. Owing to the aameoauae, the frenular 
briaUea have become preerad down upon the hindwing, and their oorreot 
direotiona aomewhat altered). 

Plate XXX. 

Fig.lL*^ugom of Oharagia ixmia Soott, viewed from beneath; (x 8). 
Flf.6.—JTrenulum and retinaoulum of Ckphenodw Janu9 janmt Miekin, 9, 
viewed from beneath; (X 5). 

Fig.7.—Frenulum and retinaoulum of Htppotbm mrofik Bolad., 9» viewed 
from beneath; (x 7). 

Fig.8.—Fcenuhim and retinaou^ of- tcrqfk Boiad., d, viewed 

from beneath; (x 6). ' " 

(PhataotorogFaiAia from ej^mena, not deaoaleiL In FlgL7» the 
btabk briitloa of tiie faenuhiin appear wUte^ owing to the inoUenoe of 
itnmg arttflolal light direoUy upon them), 
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iRTRODROTtOB ARD. AORROWUDOKRRTB. 

In pravioaB ot this soriBit the writer'bM desoribed and 
giTen geologieel oMpe of the DUtriets of Nondle ud Tamworth 
(l,lbl^aiid|). The fomier waa tiw flnt studied, and hroad rab- 
^videna only were laade in the atratigraphieal aocoeadon. In 
the lottar, ev^ aonaof roek of anj importaaoe waa mapped, in 
the eadearour to obtain aa detailed a knowledge as po^hle of 
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the exact sequence of formations and tectonic stmetnnes devel¬ 
oped. The present communication serves a twofold purpose 
It completes the preliminary mapping of the serpentines of the 
main line of intrusions from Warialda to Hanging Rook, • dis¬ 
tance of over ISO miles; and secondly, it oarriea the detailed 
tracing of the horizons determined in the Tamworth Distriot 
through into the Nundle Distriot, permitting a more accurate 
correlation of the sevetal formations in the two districts than 
was formerly possible, and thereby indicating that a muoh 
greater complexity exists in the Nundle region than was assumed. 

Several features of interest occur in this dietrict, which are 
but barely repreeented iMqrond it. Firstly, there is the occur¬ 
rence of the Loomberah Limestone, which runs throughout the 
Imgth of the district, and extends into the Nundle region. It 
is an horizon abscdutely distinct from that of the Nemingha or 
Moore Creek Limestones, with a different lithology, and a diilbrent 
and interesting founa characterised by the presence of numerous 
pentameroid shells, and a group of corals which do not occur in 
the limestones of the two other horixona In this, and in flie 
Nemingha limestones below ate several species of Trypkumm, 
hitherto very rarely observed in the Devonian rooks of this 
State,* while, in the latter, is a very race feature, namely, the 
occurrence of Ftyrtmintfmn in Devonian rocka 

Apart from the faunal peculiarities of this region, the devel¬ 
opment of igneous rocks is of interest; there are here important 

* Other recorded cooiuvenoee of Tryptama in Devonian rooks in Now 
South Wales are as foOowa:— 

1. An undesorihed speoieB found fagrMr. Surveyor Oampbell indwFecish 
of Oierindi, a few miles south-east of Manilla (Ann. Hep. Dept of Mines, 
19»,p.l80). jl 

& T, Unmialn var. soafariforMfe, found hy OuUen and the wn V in 
Nemingha PSrieh (This Bectae, Part v. 8» Wbliegcuphy). 

S. An indefinite speoiae in the Crawney limestone, ooUeeted by CfeUsn 
(Mem. GeoL Surv. N. B. Walea NalS« p.101). 

The aeeesid of these belongs to the horiion of the'Namingha fivetw i s . 
The first and third nre almost oertainly on the Hopn Okoek listaetone 
hoiiaon. Bo that It has now bean aeoertainsd that fryplatma may.{OooiUr 
in all throe MldiUa Devonian Ownl-lUneefaxieii 
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masuB of koimtophyre, which extend into the Nundle District, 
but ere barely repreBented in the Tetnworth District. Several 
varieties of dolerites, not yet seen elsewhere in the Devonian 
rocks of New South Wales, appear in this area. Again, we 
have the most typical instance of highly altered fdllow-Iavas yet 
discovered in the Serpentine Belt. 2%e serpentine, too^ is by 
no means as continuous in this region as elsewhere, but is 
broken into small, isolated lenticles, and the line of separation 
of the Eastern and Western series becomes obscure. Finally, 
we may note the occurrence of peculiar tectonic features in this 
region, developed to a greater degree than in adjacent areas. 

The writer is much indebted to Mr. Q. MoA. King, the 
General Manager of the Peel River Company, for permission to 
enter and study the geology of portion of the estate of that Com¬ 
pany, and to numerous farmers in the Parish of Loomberali for 
similar kindness. In particular, he is indebted to Mr. Pento, 
of Pendene, for kind hospitality, and to Mr. David Carter for 
help in securing the rich collection of fossils obtained from his 
property. This was supplemented 1^ specimens from the collec¬ 
tion of Mr. S. MrTout, who was tito first to bring the Loom- 
berab limestones under scientific notice. 

Mr. Etheridge has very kindly examined the Tryplasmas re¬ 
corded herein, and Mr. F. Chapman, the Cfaistetesand Foramin- 
ifera. To Mr. Dun, the writer is indebted, not only for the 
determinatiou of all tlie other fossils, ai.d the valuable notes 
included in this paper, but also for bis 'constant interest in the 
work, and helpful disoussion of the stratigraphic problems that 
arose. To the chemists of the Gecdogical Survqr are due the 
analyses of the limestones cited on pp.8S4 and SS8, which were 
obtained fiem specimens collected by the writer. To oU these 
gentlemen, his best thanks are due. Mr. Mingaye’s very com¬ 
plete rook-analyseS| cited on p.8fi8^ add great value to the petro¬ 
logical studies. 

Pbbvioob LiTBBa'maB. 

The references to this region by previous writers have been 
ver^ scanty.. It was visited by the Rev. W. B. darks in IfIfiS, 
and the oceurreoce of Pk ifKp »» $t r m ' on Oope’s Creek wee ob- 
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served (I). Professor De Koninek determined this as P. esr- 
nautfu ( 9 ). The duties of Mr. F. Oderobeimer, who made a private 
survey of the land belonging to the Feel Biver Land and Mineral 
Company, must have involved the investigation of this regim, 
but no special attention is directed to it in his paper “ On the 
Geology of a part of the Peel River District in Australia," pub¬ 
lished in 1856(10). Stonier mentioned the ooeurrenee of serpen¬ 
tine near Black Jack, 1692(11). The present writer deeeribed 
the southern portion of this district in 1911(1), and 1918(9) in 
his papers on the Nundle District, gave petrological details of 
the occurrence of keratopbyres on Silver dully, and the pillow- 
lavas near the Peel Biver in 1916(9), and included the northern 
edge of the district in the ares covered by his paper on the Tam- 
worth District, later in the same yoar(0). In this paper, the 
position of the Loomberah limestone, as a definite horizon dis¬ 
tinct from the Nemingha and Moore Greek limestones, was first 
remarked. 

Preliminary notes on the fossils collected from the limestones 
of this district by Mr. S. M. Tout and the writer were made by 
Mr. Dun(19); and a number of analyses of specimens of this 
limestone were given by the chemists of the Geological Survey 
(19). Dr. Jensen rites the results of some investigations not yet 
published in detail, which were made by Mr. Guthrie, on the 
nature of the soils in the regions of the limestones in this 
district(ll). 

Beyond these, no references to the district in geological liter¬ 
ature are known to the writer. 

PaY8IOOBai>HT. 

The region lies for the most part west of the Peel Biver, 
stretches from the south of the Parishes of Nemingha and Tam- 
worth, and inoludes ril the Pkrish of Loomberah and a large 
region oomprising the north-eastern comer of the Peel Biver 
Company's estate. Its eastern margin is, in fleet, marked by 
the deep meandering valley of the Peel River, underfit stream 
wirii brand alluvial fiats between spurs, sometimes sharpened, 
but more generally blunted 19). Th the east of diis, the land 
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riaes up into • poneptuin-Burfuce of about 3,900 feet in height, 
out in hard roeks, chiefly ailiceouB phyllitea, and very much die* 
aeoted by deep v^Iaya, aome following the structure of the 
country, othera oblique thereto. West of the river, the t(^- 
graphy is nore complex. The geological formations ate arranged 
in parallel sonee of resistant and lees resistant recks, bo that 
there is a suceeasion of ridges, the ridge of the Eastern series 
directly weet of the Feel River, running north from Wallaby 
Mountain by Woolomin, composed chiefly of siliceous phyHitw 
and jasper, the ridge of tnffii associated with Uie Loomberah 
limestone, and the ridge of tufi and agglomerates which form 
the Pyramid Hill Range. To the south, a fourth ridge of con¬ 
glomerate intervenes between tiie last two. These ridges are 
separated by the open valleys of Sandy Creek and Reedy Creek 
respectively. To the south of these creekB, there is a aeries of 
more youthful streams, which cut athwart the grain of the country, 
and flow generally north easterly or east-north-easterly into the 
Peel River. Of theaei Cope’s Credr is the most important. The 
lower portion of the creek is thus roughly paralld to the series 
of dip-faults (tee p.S60) which out through the country and may 
originally have been determined by one of these. Pipeclay 
Creek, Silver Qully, and Hyde's Creek belong to the same trans¬ 
verse system of streams. The same holds even mwe clearly for 
the ere^ north and west of Wallaby Mountain. 

GntMAL OaoLOoT. 

To understand the signiflcqittoe of the features observed in 
this district, those, to the south and north must be reviewed. 
Along a line of section drawn westwards from the serpentine 
near Bowling Alley Pbint, the following sequence was observed 
(tee •):— 

i. The Lower Banded Badidarian Gaystones. 

it Ihe Lower Bowling Allqy Tuflb and Breoeiaa, in which 
there are numerous intrusions doleiite and epilite. 

Ui. The Ximeetone. 

It; The Upper Banded Radidarian Gayatonob interstratifled 
with a large amount of tuff and breccia, and abundant Intrusioas 
of qdlite and d^derite;' 



tIT W. K. BRN80K. 


325 


V, upper Bowling Alley Tuffs and Breccias, with some cherts. 
With these are two lenses of limestone considerably west of the 
main sone. 

vi. Mudstones of the Nundle Series, gradually passing up from 
the cherts associated with the Upper Breccias and including a 
conglomeratic asone which forms Nundle Sugar Loaf, two miles 
west of the township. 

Tn putting forward this sequence, it was noted that there 
seemed a possibility of considerable repetition occurring within 
it. The distinction between the phyllites and jaspers east of 
the serpentine (the Eastern or Woolomin Series), and the rocks 
to the west of it, seemed very clear. 

In the Tamworth District, however, further facts were dis¬ 
covered. Parts of the Eastern Series were recognised as being 
merely infolded and highly crushed equivalents of western rocks, 
and the Western Series itself was subdivided as fo]]owB(6):^ 

(а) The Lower Middle Devonian series of radiolarian cherts 
and olaystones, with intercalated tuffs containing the Nemingha 
limestone, which is often closely associated with a very ferru¬ 
ginous tuff or agglomerate. 

(б) The Igneous Zone, consisting chiefly of breccias, agglomer¬ 
ates, and tuffs with dolerites and spilites. 

( 0 ) An Upper Middle Devonian Series of radiolarian cherts 
and daystonee, containing, in its lower part, the Loomberab 
limestone, and, in its middle or upper part, the Moore Creek 
limestone. In the portion of this Upper Middle Devonian Series 
which lies above the Moore Creek limestone (as, 0 .p., the clay- 
sbales of Tamworth Common), the oherty character of the sedi¬ 
ments is entirely lost. 

(cl) The Baldwin Agglomerates, which form the base of the 
Upper Devonian Series. 

(«) The Barraba Mudstones, forming the Upper Devonian 
Series proper. These are often difficult, indeed impossible, to 
diskinguish lithologically from the rooks of the upper portion of 
the Upper Middle Devonian. 

It was tardier shown that there are several repetitions of sones 
(•) anS (5) in the region lying immediately west of ^e Serpen* 
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tine. When, however, we attempt to trace these subdivisions 
through the Loomberah District, and to apply them to tlie sue* 
cession in the Nundle District, we are met with difficulties, for 
the new factors entering into the geology of the Ixx>inberah 
District add to the complexity of the problem. Firstly, there 
is a general absence of serpentine throughout the region, so that 
the boundary between the Eastern and Western Series is noS% 
distinct and unmistakable line of fault separating altered and 
* unaltered rocks, but merely a soi^e of transition, crushing, and 
silicifleation. Secondly, even where the serpentine does occur, 
the rooks immediately west of it have, in many cases, as highly 
altered a character as those to the east. Thirdly, there is de¬ 
veloped a large amount of keratophyre, forming an intrusive 
mass or masses, one of which apparently is just below the horizon 
of the Nemingha limestones. The southern end of this zone of 
keratophyre lies in the Hyde’s Creek complex, and a further 
occurrence of it extends from Silver Oully to Pipeclay OuUy 
(S, pp. 133-187). The northern end of the zone is that complex 
near Macllveen’s homestead in the south-eastern portion of Tam- 
worth DiBtriot(6, p«672). With this keratophyre is often asso¬ 
ciated a great amount of ferruginous and chalcedonic jasper 
derived from magmatic solutions. Finally, there is to be con¬ 
sidered the extremely disturbed and broken character of the 
faulting, breaking-up the stratigraphical succession, so that it is 
not possible to determine the extent of repetition of series tbiat 
is present. 

To simplify the reading of the detailed discussion of the several 
formations, it may be well to state, at the outset, that the facts 
appear to justify the following conclusions concerning the strati¬ 
graphical relationships of the rocks in the Tam worth, Loomberah, 
and Nundle Districts. 

1. That the lower part of the Nundle Series does not ct^rres- 
pond with the Barraba Series, but to the upper part of the 
Tamworth Series, namely, that lying between the Moore Creek • 
limestones and the Baldwin Agglomerates. 

2^ That the ridge of oonglomerste forming I^undle Sugarioaf 
westvof that oorresponds to the conglomerate which 



bT W. If. SBlTBOK. 


327 


runs along the eastein foot of the Pyramid Hill Range (the 
Scrub Mountain conglomerate). This may l>e approximately 
coeval with the Baldwin Agglomerates. 

3. The mudstone west of these may be correlated with the 
Qoonoo Goonoo or Barralia mudstones. 

4. That the great masses of agglomerate and tuff, being derived 
from eruption at various centres, do not form continuous horieons 
except in rare cases, and great care must be used in stratigraphi- 
cal correlation based on the lithological featuies of pyroclastic 
rocks. Hence arises the diificulty of determining the exact 
horizon to which must be referred the Pyramid Hill group of 
tuffs, etc., or of i*ecogniBing definitely the horizon of the Baldwin 
Agglomerates. 

5. The Moore Creek Limestone is not represented in the 
Nundle District, but its appropriate horizon is probably not far 
from the township of Nundle itself. 

6. The Loomberali Limestone is represented by the two western 
lenses of limestone near the bead of Silver Gully, to which special 
attention was called during the first survey of the Handle 
District (8, p.574), 

7* The main line of limestone which passed through to Bowling 
Alley Point and continues to Hanging Bock, belongs to the 
Neniiogba or Lower Middle Devonian Limestone. 

til. That the pyroclastic rocks which lie directly abo^e tbe 
spilites and dolerite of the Upper Bowling Alley Olaystones 
represent the “ Igneous Zone” of the Tamworth District. 

9. The Lower Bowling Alley Tuff-Breocias, Dolerites, etc., are 
a repetition of the same **Igneous Zone” and its associated 
intrusive rooks. 

10. Much of tbe Middle Devonian (Tamworth) Series may be 
recognised in auidtered state in tbe regions east cd theeerpMitine 
in all three districts. 

Th€ SerMs. 

In tbe Loombereb District, we will describe with the Eastern 
Series, not only all tixm rooks lying east of a line* joining all tbe 
outcrops of sespentine, but the liriudegioally identical masses 
wbiob lie to the west of that line, the reeks of, die Xmnritioiiai 
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Zone (a name indicating a local feature only), diKtinguiehed by 
their greater alteration, fracturing, and ailiciflcation, from the 
normal breccias, tulEs, and cherts of the rest of the Tamworth 
Series. The actual western margin of the Eastern Series is thus 
difficult to define, and that laid down on the map (Plate zxzii.) 
is not a sharply marked feature. There is clear evidence that 
very much of this Series consists of merely highly altered forms 
of similar types of rock such as occur in the Tamworth Series; 
while there are few rocks, if any, so utterly distinct as to demand 
their inclusion in a definitely older, possibly Lower Devonian 
formation, (the suggested Woolomin Series, a term .we liave now 
abandoned). ' ^ 

Most notable are the masses of tuff,and breccia, which occur 
in the hills east of the Peel River, between Nomingha Creek and 
Dungowan, continuing those already noted in the north-eastern 
portion of Memingba Parish(6, p.fi47). These cross the Peel 
River in the neighbourhood of Dungowan, and strike through 
the hills west of the river till they come to the Wallaby Mount¬ 
ain and Cope’s Creek. Some of these are very similar indeed 
to the normal tuff-breccias of Middle Devonian age, while others, 
notably a great mass of almost schistose, highly crushed rock 
running across the western end of Wallaby Mountain, consist 
of a coarse tuff with abundant inclusions of limestone drawn 
out ifito long lenticles. This may represent the Nemingha 
limestone, but there are also instances where such a tuff is asso¬ 
ciated with the Loomberah limestone. Some of the masses of 
tuff are very silicified, and one instance of jasperised, ferruginous 
agglomerate appears as if it might be the equivalent of the red 
tuff of Bast Gap Hill, described in Part v. (pp.664-6). This is 
to be found on the hills east of the Dungowan Hotel, associated 
with a little vesicular keratopbyre. 

Again, in Portions 62 and U6 in the south-eastern angle of 
the Parish of Nemingha, three hundred yards east of the serpen¬ 
tine, is a large belt of agglomerate, together with porpbyritio or 
granular spilile, inclosing a Iwtioular mass of limestone a 
hundred yards Icmg and twenty yards wide^ with somewhat the 
reddish cryMalline character of t!he Nemingha marbles, asaooiated 
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with femiginouB tuft with limMtone-intgtnenta raoh m have 
been already mentioned. Traces of a Stromatoporoid, of Fovo- 
tilet muliUabulata, Hdiolite$^ and a large oyathopbylloid coral 
were observed. These are insufficient to determine whether the 
limestone belongs to the Nemingha or Loomberah horiion. It 
runs due north, and is out off to the sooth by a marked cross* 
fault, which also truncates the adjacent serpentine, ^itiestone 
again appears on the ridge in Portion 62, Lromberaht associated 
with chert and spilite, all in a very shattered c<mdition. This 
lies in the transitional region between the Serpentine Line and 
the Tamworth Series, but probably represents an altered form 
of the Nemingha Zone. 

The great masses of jaspers, which are such a marked feature 
of the Eastern Series in the Nundle District* are especially well 
developed in the Wallaby Mountain, west of Woolomin, where 
a strong band strikes across the mountain, forming the long 
ridge which deflects the outlet of Cope's Creek, rising into the 
high clift that form the eastern side of the mountain, and dying 
out in the valley to the north. Other jasper*belts occur east of 
this, nearer to Woolomin, and further long bands traverse the 
Parish of Woolomin, and others occur east of Dungowan, though 
the last are not so extensive as elsewhere. They result from 
intense siliciflcation along sones of shattering, and are not 
primary deposits. 

The igneous rooks, other than tnfl^ namely the dolerites^ 
spilites, and keratophyres, occurring east of the serpentine, and 
especially in the transitional sone westof the serpentine, are dis¬ 
cussed below (p.343). 

Tkt Tamworth Smrito, 

The rpgion occupied by rooks of thisdivision forms the greater 
portion of the area conudered, and, tiiroughout this area, the 
dips are nearly vertical or inclined to the W.8.W. at uig^ of 
about flO^-TO*, with only hen and then a narrow band dipping 
in the (q>poBite dinotion. The total width of this region is 
over four milea, so that, wen no repetition ^ef stnta present, a 
thickness of nearly 2(^000 feet must occur, whieh is nveral times 
greater than was shown to be probaUe in the TamworUi Dis* 
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trict We must oonclade, therefore, that considerable repetition 
by strika-faulting is present, though admitting that the sequence 
from east to west is, in the main, an ascending one in the time- 

We shall now endeavour to trace through from the Tam worth 
to ti.e Nundle District, several horisons already recognised in 
the sttctcqsBion of Middle Devonian strata. 

The JTemingha Limesiofie, —^The main limestone ef the Looni- 
berah District is clearly a continuation of the mass of limestone 
which runs through Beedle’s Freehold and theOapat Nemingha 
(0, pp.587-9), and then commences by the eastern corner of 
Portion 60,* Parish of Loomberah, appearing from beneath the 
river-alluvium, and running thence to the south-east through 
Portions 69, 68, and 67. Tt is a brecciated pink limestone asso¬ 
ciated, in Portion 69, with a smal) amount of very ferruginous, 
more or less brecciated keratophyre or porphyritic andesite, lying 
on the eastern side of the limestone; and, to the west, is an intru¬ 
sion of porphyritic dolerite with phenocrysts of labradorite. The 
outcropping mass of limestone is 77 yards wide, but it is impos¬ 
sible to determine the thickness of the limestone owing to the 
absence of any evidence of the angle of dip, though adjacent 
rocks dip at high angles. It is broken by cross-faults, throwing 
it for short distances. In Portion 58 (Mr. David Carter’s pro¬ 
perty), the limestone has been duplicated by a fault or faults, 
and a short band of the same horizon occurs tour hundred yards 
north-east of the main xone. The eastern mass is the more 
clearly exposed, and covers an area four hundred yards long by 
sixty yards in width. Both bands of limestone have a western 
wall keratophyre-brecoias, ferruginous rocks apparently greatly 
idtered by percolating solutions (the Nemingha Bed Breccia). 
Both masses of limestone^ for the most part, lie in ploughed 
land, and, in the boulders of limestone brought to the surface, a 
large series of fossils was obtained, which confirm the correla¬ 
tion of this limestone with the Nemingha borison. These were 

4 . . . . .. ■ —II 

* Unlsm oiherwiw stated, all niterenoM to POrtiou-Duinbers in ths 
■squel refer to Porticos of the Parish of loomberah,. 
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detemained by Mr. W, S. Dun, Mr. Etharidge, and Mr. F. 
Chapman. The following forms were recognised:— 

Protozoa. 

Foraminifera— 

PBammotphtBra sp.nov., Chapman. 

ValvuUna plioata Brady. 

7. hullotdei Brady. 

7. oblonga^ sp.nov,, Chapman. 

Pulvinulina hentoni^ sp.nov., Chapman. 

Iladiolaria— 

An indeterminate species. 

CaeLBNTRRATA. 

Zaphrentia sp. 

I'ryplfuma eongragaiionia Eth.fll. 

T. lonadalei Eth.fll. 

T. vermiformia Eth.fll. 

A cystiphylloid coral. 

Syringapo/t'a pariari Eth.fll. 

S, mloporaidaa Eth.fil. 

FavoaiUa potUondioa Lamarek. 

F, madUtabulala Eth.fil. 

Ft pt^^mant Eth.fil. 

F, crummert Eth.fll, 

AlvaaliUa sp. 

HAioliiaa poroaa (}oldf. 

/it intaratincta Linn. 

An indeterminate Stromatoporoid. 

Eohivoduhata. 

Numerous Orinoid ossicles. 

Braobiopoda. 

Airypaapt 
Zygoapira sp. 

Oonoendng the Trypiaaim UmadaMt Mr. Dun remarks that 
it is appamtijr a solitary form of the T. hnadahi-typB, but the 
tabalift are move irregularly and widdy spaced than in the 
normal form* The wsll is thioki and them are shorti septal 
sj^neo. Tbe diameter of the coiaffite is 6 mm* 
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SflTenl interesting features are seen in this Table. The two 
.species of Syringopcra named have, so far, been collected only from 
the Moore Creek limestone, to which also F. erttmmeri has hereto¬ 
fore been confined The recognition of three definite species cd 
Tryfiama is an advance on the single form recorded previously 
from this horiBon(B, p.662); while the occurrence of Fpraminifera 
is a very welcome feature, since, apart from forms occurring in 
the Devonian limestones of Germany and South Devonshire, no 
other occurrences of Devonian Foraminifera are known. They 
were found in a small mass of oolitic limestone about four inches 
in diameter. The granules, according to Mr. Chapman, form a 
little more than half the bulk of the rock; '‘they vary in diameter 
from 0'46 to 0-7 mm., and only a small proportion are due 
entirely to oolitic accretion, whether originally of algal origin or 
not it is impossible to say, on account of their present mineral¬ 
ised condition. The nucleus of the oolitic grain, in more than 
one case, was seen to consist of an ossicle of a crinoid. There 
is a fair amount of iron-staining in the rook-structore which 
seems to be entirely secondary, as the stain is developed more 
strongly along incipient fracture-lines than in the grains them¬ 
selves.” (See Appendix i.). The ferruginous matter has doubt¬ 
less been introduced from the associated NeminghaBed Breccias. 

The analysis of the limestones from this outcrop ai^ given 
bdow (p.SS4). 

Keariy a mile south of the occurrence in Portion S8, the lime¬ 
stone appears again, associated with red, ferruginous keratopbyre- 
breceia crossing the western end of Portion 65; this outcrop is 
nearly halt a mile in length. 

The next outcrop is considerably to the east as well as south 
of the above^ and is probably separated from it by considerable 
dip-fault, though the intervening alluviom and ploughed land 
hide the details of the outcrops. This mass is quite small, 
occurring near the comer bt Pwtions 63 and 69. 

Thd limestone on Portion 85 has been moved still further to 
the east, and is separated from the last-mentioned occurrence by 
a large intrusion ^ dqlerite. A small fault traverses this mass, 
cutting it into two portions, one nearly 600 yards long and 60 
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wide, the other 300 yards long and 40 yards wide. The ohemioal 
composition of a specimen of this mass is given below (No.l787). 

A small mass of limestone next appears a mile to the south, 
being found in a well sunk by the creek in Portion 32. 

No more limestone appears for over a mile, until, in the 
southern part of Portion 31, a great band of red breccia is asso¬ 
ciated with a small amount of limestone on its eastern side. 
The red band broadens as it continues southwards into the Feel 
River Company’s Estate, and the limestone now appears to the 
west, as well as to the east, of the Red Breccia, which is here 
more than a quarter of a mile wide. An important mass of 
limestone lies on the western side of Sandy Creek, half a mile 
south of the boundary of Loomberah Parish. It consists of 
three portions, largely of red encrinital limestone. The aggre¬ 
gate length of the outcrop is 600 yards, and the width 80 yards. 
The dip is apparently W.40*S. at 50*. The upper portion is 
rather ferruginous; the lower, grey portion is either massive or 
breociated. {See analyses 1785, 1786, tii/ra). 

At the toot of Black Jaok, the limestone and tuff is suddenly 
cut off by a fault, which throws it half a mile to the east. On 
the south side of the fault, the two masses of limestone, separated 
by the breccia, are halt a mile apart, but very soon they are 
brought together again by a seoond great fault, and they continue 
over the shoulder of Black Jaok, making bold oufcorops (anidyiis 
1788), and pass thence down into Cope’s Creek. The limestone 
appears on the other side of the valley, and continues to Pipe¬ 
clay Creek. * This is the portion of the zone which was described 
when considering the Qeology of the Nundle Di&triot(8, p.574). 
In Cope’s Creek, the limestone occurs in rather irregularly placed 
masses in the red breccia, and one large lentide has bm tom 
off and enveloped in keratophyre. It is possible that Clarke’s 
apertaiip of PAiMt|waslt*awi twmewf/u was obtained here. 

Tl^if^ghout its length, this limestone keeps the oharaeters 
which mark the Nemingba limestone. It is usually thoroughly 
eryetid^^jjio mudi so that, ei^oept for the foerilifprous masses 
on ¥riilP^T*s property and south el,Cope’s Creek, no reoof- 
niaable ftMirliave been obtained. The roek'is generally wbilBj 
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pink, reddish or mottled; less commonly, it is grey. It is often 
highly brecciated, and in particular in dope’s Creek, the rook is 
clearly made up of fragments of corals and of orinoids. The 
colouration of the rock appears due to the introduction of ferru¬ 
ginous solutions. The composition of the stone is shown in the 
following Table; the analyses are due to the chemists of the 
Oeological Survey (19). 



1781 

1782 

1783 

1786 

1786 

1787 

1788 

CkOO, . . 

97-46 

98*21 

97*68 

94*03 

97*64 

97*66 

98*21 

MgOO. . 

0-7 

0*69 

0*64 

Olio 

0*71 

0-79 

0*60 

MnOO, . 

0-04 

0*06 

0-04 

0*08 

0-03 

OtH 

0-04 

Fe,Oa, AlgOo ... 

(1-32 

0-24 

0*18 

0*96 

0-17 

0-28 

0-24 

Uangue . 

1-66, 

1 

0'B8 

1*42 

4*02 

1*62 

1-48 

1*24 


100*09 

100*18 

CbD*Qft 
W Vw 

09*98 

99-99 

100-14 

100*23 


1781*2—Bed Marble, Portion 08, Loombersh. 
178S—^Pink Marble, Portion 68, Loombersh. 


1780—Pink Marble, 1) miles N.N.W. of Illook Jaok Mountain. 

1786— Bed Marble, miles K.N.W. of filaok Jack Mountain. 

1787— Pink Marble. Portion 30, Loomberah. 

1788— Pink Marble, east side of Blaok Jaok Mountain. 

Concerning the depth of origin of this limestone, we have to 
note the absence of evidence of littoral conditions though the 
limestone is often brecciated. Radiolarian chert is directly 
associated with it. Mr. Chapman’s remarks on this point may 
be noted. (iSee Appendix i.). 

Tk$ Lofmb$rak HmMtonB, 

A second definite sone is that of the Loomberah Limestone. 
Just beyond the north-western comer of the Parish of Loom- 
berah, namdy, in Pmrtion 10, Parish of Oalala, it a belt of lime¬ 
stone about a hundr^ yards long and ten to twelve feet Uiiok, 
containing Tryplama^ and crimfids. It dips W.6*8, 

at 70*. To the east of it are several bands of tuff and a sill of 
dirierite, tba whole lying within.normal radiolarian idMiy olay^ 
stonM Followed to the southeast, the limestonfr imi|iss> and 
the tttff-hreocia becomes rich in fragments of linkwNM^* It is 
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diq>lMed by aeveml cro88<f»ttlt8. In Mr. Garter’s property 
(Portion 68), the limestone oomes in anain, forming a very im¬ 
portant band. This is about a quarter of a mile in length and 
150 feet thiek. Its western end is very bi^ly crystalline, so 
muob so that the rook has passed into a white marble^ hot, 
towards the east, it is Im orystallinob and consists of an extra¬ 
ordinary assemblage of broken fossils. Fragments of large 
pentameroid shells are the predominant feature, but intermingled 
with them are abundant masses of Str<matnporoid$, of fragments 
of coral, and even angular or rounded pebbles of chert, the whole 
giving very clear indication of rather turbulent conditions of 
fonnation, as if they were reef-breccias (sw Plate xxxiv., flg.1). 
In spite of this, there is no indication of an unconformity, the 
radiolarian cherts which lie immediately above the limestone 
dipping W.g5*B. at 70*, those immediately below W.86*8. at 
66*, which, considering the variability of the dip, may be taken 
as proof of conformity. Possibly the shallow-water limestone 
indicates the occurrence of a regression of the sea. In cases 
such as this there is no reason to expect a mass of coarsely 
clastic sediment at the base of the overlying transgressive sedi¬ 
ment (sse II, p.468). 

The second characteristic of this limestone is its remarkable 
fauna, which is quite unlike that of any horison yet discovered 
in the Itevonian rocks of New South Wales. The following list 
indicates the forms recognised by Messrs. Obapman, Dun, and 
Etheridge Of particular interest is the presence of Tryplama, 
as determined by Mr. Etheridge, and ChaM 0 $, described by Mr. 
Chapman.* 

JBofikmaii, sp.ind. 

sp. (8p. et snbgen. nov.t). 

TViptaseM sp. Intennedlate between 1*. cWfooiNfo Etb.fll., 
and T. csrmifbmtV Bth.fll. , 

GgeAqsiigtfHas sp. 

* In a private oomamniMtloB, Mr. Ohapman layB—" It Is interesting 
jlo note jrcnr opinion of the hgnboiMpI^ aouatlans at Loombstafa. 
fltn r t t s a' toaqrsilind, plaped the saws part, in tha ooastal rssh of the 
Ptfisaaq^ sa HiMqMwdoas at the present 
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Diphypkyllum robwitum Etb.fil. 

Z). porieri Eth.fil. 

Form allied to Omphyma. 

Spougophyllum^ Bp.nov., Dun. 

PhillipiMtrdRa grandiSy sp.nov., Dun. 

FavoaiUB gothhvndxca lAmarck. 

F, gothlandica with multitabulate habit. 

F. multilabutata Etb.fil. (rare). 

FavogiUt^ sp.nov.(Y), a form with very irregular habit. 

Faxwil«$t sp.nov., a dendroid form distinct from those in 
other Devonian horiaons in this area. 

Liiophylhim konxneki Eth.fil. 

Dania sp. 

ChttitUg gUllifvTmig^ sp.nov., Chapman. 

Hgluditgg poroga Ooldf. 

PUamopova sp. 

SirwmiQpwglla loomhergngig^ sp.nov., Dun 

8, hexhgoni^ sp.nov., Dun. 

Aetinogiroma augtraiey sp.nov., Dun. 

A Treptostomatous Bryozoan. 

Pgntamerxig (Conehidwm) cf. km^htii, 

Pgniamerug cf. 

Straphomena cf. ruyata. 

Atrypa sp. 

Murehiionia sp. 

The band of tuff or breccia, directly below this limestone, may 
be traced south almost continuously to Cope’s Creek, displaced 
here and there by cross-faults. There is frequently a consider* 
able amount of limestone fragments in this tuff*breccia, but only 
occasionally are there auy large masses of limestone, such as 
those in Portions 23 and 33 (the latter of which contains small 
forms of Favoiiieg multitabulcUa. The limestone also occurs in 
Portion 32, and in several localities west of Black Jack. One 
of these masses has a maximum width of sixty feet, dipping 
nearly vertically , and contains pentameroid shells. Cyutho- 
phyttum, HdxblUeg, a Stromatoporoid, globular masses of Favogiigg 
poMggndiea and Tryptagmu{i) which characterise the horizon, 
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shd, in addition, there was a section exposed of a fonn very 
similar to vetieulomm which unfortunately could 

not be removed for more careful examination. 

South of this, where the limestone is split into two hands by 
a zone of tuff, the feature noted in Portion 58, namely, the 
abundance of fragments and pebbles of chert in the limestone, is 
again present. Tt must also be mentioned that, throughout the 
length of the zone of the Loonilierah limestone, the chert over- 
lying it contains numerous small intrusions of tuff. 

The tuff associated with tho limestone may be traced down 
into the valley of Cope’s Creek, and beyond it to the south. 
Here, probably, was obtained the specimen of Pkillip$a$traia 
vertuuUii recognised by Do Koninck. The small patch of lime¬ 
stone occurring on the top of the hill, a mile and a half W.S.W. 
of the Permo-Carboniferous sandstone at Reichel’s homestead, 
near Bowling Alley Point, probably belongs to this series. It 
has Wn already pointed out that it does not lie on the same 
horizon as the Nemingha limestone. A lenticular mass of lime¬ 
stone occurs near Cann’s Plains Creek, still further to the south, 
and probably l)elongs to tho same horizon (S, p.674). Tlius wu 
can trace the rxmmberah horizon intermittently from the north¬ 
west of the Parish of T/wmberab, to within two miles of Bowling 
Alley Point, and have thus obtained a second definite horizon 
linking the geology of the Tam worth District to that of Nundle. 

But there is still another mass of limestone that may possibly 
belong to tho same horizon, though so altered by recrystallisa¬ 
tion in the region adjacent to the serpentine, that no traces of 
fossils have been found in it. This is tho lenticular mass of 
white marble in the south-eastern corner of the Parish of 
Nemingha, Portion 121, mentioned previously (see 6, p.560). It 
is about four hundred yards long and sixty yards in width as a 
maximum measurement, tho main visible portion being only two 
hundred by twenty yards in length and biwadth. 
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The oheinical compositioti of the Loomberah lioiestone is seen 
from the analyses lielow, which were made by the chemists of 
the Geological 8urvey(18). 



1395 

1220 

1784 

CsCO, . 

98*8.1 

94*91 

9.>'43 

MgOO. . 

0*42 

O'HO 

1*27 

MiiCO,. 

0*04 


on 

Fe.jO« fAUOa 

0*22 

0*80 

0*«0 

Uangits 

0*64 

3*55 

2*45 


10017 j 

100*09 

99*80 


1305—LiinoHtutio, Purtiun 121, Neminglia (horixmi nut (tutain). 
1220—LimestiMie, Purtion 58, Lcximberah. 

1784--Limcuitono, Portion 23, Loombersh. 


Sen*b J^ountain Cofigl 9 merai*t. 

For about a mile west of the sone of the Loomberah limestone, 
the sediments are a succession of cherts, radiolarian claystones 
and tuff, the latter sometimes broadening out into coarse agglo¬ 
merates, as in the case of the agglomerate to the west of the 
upper portion of Cope's Greek. ^In Reedy Creek, however, the 
rocks lose tlieir cherty natut*e to a great extent, becoming mud¬ 
stones almost indistinguishable from those of the Barralia Series. 

There is one very marked horizon in this portion of the section, 
a zone of conglomerate which may lie termed the Scrub Mouiilaiii 
Conglomerate. It commences in Portion IT and continues to 
the south-east. It is made up of usually rounded or sub-angular 
pebbles chiefly of a richly felspathio keratopbyre, a strongly 
trachytic type of which was found to contain phenocrysts of 
felspar with abundant minute crystals of augite in the base(1474); 
there is also some beautiful granophyi'e(1477, 1479), and, must 
interesting of all, an angular fragment of radiolurjaii chert. 
This last is not like the usual cherts of the Tamworth Series, 
being free from any sign of banding, but small amounts of a 
rather similar rock do occur here and there in the Bastem Series. 

All these lie in a tu&oeous matrix. This has not yet been 
studieo microscopically, but from* a macroscopic examination 
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th«re did not ap|>ear to be the same close relationship between 
the tufiTaceoiis matrix and the inclusions (the former derived by 
the attrition of tlio latter) that was so marked a feature of 
Macllveen’s complex, or in the Baldwin Agglomerates (sssS, 
pp.573, 578). This, however, requires thorough investigation. 
Bhould the matrix really prove to be clastic, not merely pyro¬ 
clastic, the occurrence in it of the radiolarian chert and the 
keratophyres, etc., might indicate another regression of the sea 
at this point, and the exposure and erosion of I^wer or Middle 
Devonian rocks some distance east(1) of this region. The pos¬ 
sible significance of tliis is considered later (pp.341, 355). 

The zone is very continuous. It forms the long ridge in 
Portions 17 and 18, and, southwards from thence, it makes up 
the little hills which sharply mark the ends of the ridges that 
separate the western tributaries of Reedy Creek. About four 
miles south of tiie boundary of the Parish of l^oomberah, it rises 
as a long spur into Scrub Mountain, and south-east of here it 
forms Rodney Mountain, beyond the limits of the map here¬ 
with, and further to the south-east it rises into N undle Sugar- 
loaf, and (grosses the Peel River to form the western end of the 
Yellow Hock Hill south of that township. Tlie last three occur¬ 
rences of the conglomerate have been already noted (8, p.581). 
Thus the Conglomerate affords another horizon which be 
traced through from the Ijoomlierah Parish into the region 
mapped in the M undle District. Small fragments of the con¬ 
glomerate occur hero and there adjacent to Reedy Creek; they 
aro perhaps due to repetitiem by sc/m/ipsn-fauiting. Round 
Mountain, which lises from beside the Main North Road on the 
northern edge of the Goonoo Guonoo Estate, ten miles due south 
of Tamworth, is apparently composed of this conglomerate. 

The Pyramid HM Tvff, 

West of the Scrub Mountain Conglomerate and stratigraphi- 
cally above it, the mudstones are interstratified with numerous 
bands of tufb of moderate grain-size, and these, being resistant 
to erosion, form the long ridge whioh runs south-eastwards from 
Pyramid Hill. This structure of the range is that of a faulted 
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synnline. To the west of it there extends the broad, low, undu¬ 
lating region composed chiefly of mudstones, extending to the 
foothills of the ridges of i'arboniferous rock that pass through 
the Ourrabubula district. These are the mudstones of the 
Burindi Series (on the extreme west), and the Barraba Series 
which forms the greater portion of the Tamworth and Qoonoo 
Goonoo Plains. To the south east, the tuff of the Pyramid Hill 
Kange apparently extends into the hills west of Nundie. 

The SiraiiyraplUeal Po$iiion qf the Nu'ndle Mudstonei 

The difticult question to be decided is the stratigraphical posi¬ 
tion that must be assigned to the Pyramid Hill tuff. The syn¬ 
clinal structure of the range, the lithological character of the 
component rocks and the consequent topographic features, recall 
the tufiis which form the hills west of the Tamworth Common. 
These tuffs, etc., have been correlated with those occurring south 
of the river in Portion 27, Calala(0, p 580), and lie near, but not 
on, the same line of strike as the Pyramid Hill tuff. The Ijeds 
which occur between the tuff of Portion 27, Calala, and the 
nearest Loomberah limestone, are quite similar to those between 
the Tioomberah limestone and the Pyramid Hill tufls, save for 
the absence of the Scrub Mountain conglomerate. The first 
impulse, therefore, would lead one to correlate the Pyramid Hill 
tuff with the tuffs in the Tamwortii Common, and, therefore, 
with the Baldwin Agglotnerate(6, p.579). Such a correlation 
would place ail the mudstones of the Reedy Creek Valley, 
together with the Nundie conglomerate, into the upper portion 
of the Tamworth (Middle Devonian) Series, and would further 
demand that none of the region mapped in the Nundie district 
should belong to the Barraba Series, to which the western group 
of mudstones (the Nundie Series) hod previously Ijeen referred. 

But the'study of the tuffs and breccias within the Devonian 
Series shows that theiy do not always form on a single horixon, 
but (what might have been anticipated) they formed at diflbrent 
times, spreading out on either side of their centres of eruption, 
and, therefore, lie ,at varying horisons. Apparently there were 
epochs when eruption was more continuous and widespread thac 
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at other timew, giving more or less definite igneous sones, hut 
stratigraphical correlation on thu petrological features of pyro¬ 
clastic rocks alone is exceedingly unsafe. It is quite possible 
that the Pyramid Hill tuff lielongs to a period of eruption rather 
more recent than that of the Baldwin Agglomerates, and that 
the true horizon of the base of the Barraba Series lies at some 
indefinite horizon between the Loomberah limestones and the 
Pyramid Hill tuff. As the outbreak of the huge eruptions, 
which formed the Baldwin Agglomerate of the Manilla-Bingera 
region, might reasonably be expected to have Ijceii associated 
with some cruBt-movement In adjacent districts, we may put 
forward the suggestion that tlie Scrub Mountain conglomerate 
(the lithology of wliich seems to point to the occurrence of some 
crust-movement) might be considered contemporaneous with the 
Baldwin Agglomerates. This hypothesis has the merit of in¬ 
volving a less ladical change than the former one in the con¬ 
ception of the range of ciiuraciei^s of the Upper Middle jDevoniari 
rocks, and is, therefore, adopted in the map. But it cannot be 
considered as more than tentative, lacking as yet confirmatory 
evidence. On this hypothesis, the pf;rtions of the NundJe Series 
lying south-west of bundle Hugurloaf and Yellow Bock Hill (8, 
Plate xxii.) belong to the Harraba Series 

7*he Devonian lyncone Hocks. 

Igneous Rocks tn ike Eastern Senes .—The igneous rocks in 
biie Eastern Series must be iirbt briefly discussed, before jiassitig 
on to the more important rocks west of the serpentine. They 
consist, for tlie most part, of bands of more or less schistose 
breccias and agglomerates, which are fairly abundant, and are 
particularly well seen in a zone which runs nearly duo north 
from the western end of I’ortioii 42, Ixiomberah, to the eastern 
end of Portion 46; while less noteworthy masses occur, east of 
the Peet Kiver, in the Parishes of Gill and Nomingha. Massive 
igneous rocks have a more restricted occurrence. Bpilites are 
found a mile north of Dungowau Hotel in Portion 52, Gill. 
Vesicular keratophyre occurs near by in Portion 5i, and in Por¬ 
tion 43 of the Parish of Loomberah is a very small lentiole of a 
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quartzose dolerite* with zoned andesine-feUpar. Larger bands 
of flne-grained dolerito and spilite crosb the valley north of 
Wallaby Mountain and the hills to the east. 

ItjneouB Rocks in the Transitional. Z&nc —More complex than 
these are the features of a series of igneous rocks which lie along 
the zone of passage between the Eastern Series, the zone else¬ 
where represented by the Serpentine Line. The most northerly 
of these masses are the group of dolerites and spilites by the 
Looinlierah Bridge in Portion 56, which occupy the greater part 
of the small spur east of Sandy Creek. A very good exposure 
of the spilite is seen in the roacl cutting on the east of the hill, 
ill which typical pil]ow>structui‘e is exposed (ses Plate xxxiii.). 
The pillows are about two feet in diameter, and have generally 
a numl)er of vesicles, often filled with calcite, arranged in con¬ 
centric vows within the pillow. The rock itself is greatly altered, 
as described below (p.365). For this reason, the pillow-lavas 
are more like the pillow-lavas seen by the writer in Cornwallf 
than any others in the Great Serpentine Be1t(5, p.l31). The 
dolerite which occurs on the west side of the spur is also greatly 
altered. The original ophitic structure has been preserved in 
spite of the uiineralogical changes. Magnetite is the only 
original mineral; the augite has become platey chlorite, and the 
felspar has been changed either to a mass of calcite with a small 
amount of albite; or to much-strained quartz or chalcedony with 
chlorite, spherulitic if in large patches, and sometimes associated 
with a little carbonate. The dolerite itself is sometimes slightly 
vesicular. These sills of spilite and dolerite are separated by 
handed jasperised cherts or highly siliceous cherts which dip 
W.4*N. at 60* on the east side of the hill, but dip E. at €0* on 
the west side of the hill. 

Southwards of these, in the eastern end of Portions 5o and 
54, and again on the boundary of 53 and 52, are furtlier intru¬ 
sive masses. Spilite occurs on either side of the hill of chert 
and jasper in Portion 54, but further to the east keratophyres 
are found. 

* Hee footnote to p.304 
t For deseriptiun of these lavas, see (17). 
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Small intrusions of rather vesicular spilite occur at the soutiv 
western corner of Portion 48, but the next important mass of 
Bpilitic rock is the complex series of inirueions which runs 
through the western ends of Portions 39, 38, and 63, and are 
associated with serpentine in a complex fashion. The spilite 
occurs in a series of overlapping lenticles, decreasing in sixo 
from north to south; the rock is vesicular, full of secondary 
chert, in most irregular strings and veinlots {qf, 5, p.l27). These 
lenticles are separated from one another by narrow zones of more 
or less silitiiAed, crushed chert, into which the serpentine has 
been injected. In one instance, on the northern end of the 
complex, the serpentine appears to be injected into the spilite 
(though the abundance of drifted blocks makes the observation 
uncertain), while at the southern end a small patch of vesicular 
keratophyre, 10 yards long and h yards wide, has apparently 
l)een caught up and included in the ultrabasic rock. The whole 
structure seems to have resulted from the shattering of a mass 
of spilite and keratophyre, by a series of oblique faults, into 
which the cherty crush-breccias were dragged and the ultrabasic 
i-ock injected. 

South of these are the long, undisturl)ed, lenticular intrusions 
of dense spilite on the western sjopes of Wallaby Mountain, and 
cn^ssing the creek at its base These are quite typical of the 
non-vesicular spilites in the Eastern Series. 

The kerutophyi^ of the Transitional Zone are first seen in the 
eastern end of Portions 53 and 54, and occur again on the 
liouiidary of Portions 53 and 52. (A small mass of Ncmiiigha 
limestone lies just west of this last), in the first of these, they 
are vesicular with amygdulos filled with quartz, chalcedony, 
chlorite, and calcite. They liecomo abundant, however, in the 
Water-Reserve between Portions 51 and 52, are vesicular with 
abundant quartz in the amygdiiles, and microscopic examination 
shows the abundance of quartz in the groundmass. To the 
south, the mass of keratophyre broadens out into the largest 
area of igneous rock within the limits of the map. Though only 
about two hundred yards wide at the northern end of Portion 
35, it becomes half a mile in width to the south, and continues 
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thus through Portions 36 and 37, at the southern end of whicli 
it is cut off by a fault, which throws it eight hundred yards to 
the eaHt. Thence it continues for a mile further, exhibiting 
some very interesting features described below (p.346). This 
belt of keratophyre forms the western margin of the Transitional 
Zone; except where jasperised, the rocks to the west of it ol>* 
viously belong to the Tamworth Series. In Portion 52, a small 
amount of such jasperised rock occurs, the relations of which 
have been obscured through the ploughing of the land. Mora 
distinct is the small mass of jasper in Portion 35, in contact 
with a keratophyre rather rich in magnetite 

The main mass of the keratophyre is a rock of fine to medium 
grain-size, consisting chiefly of albito, a few phonocrysts lying in 
a trachytic or spongy base, dotted with finely crystalline mag¬ 
netite. A little quartz is present in the base together with sonic 
chlorite. Occasionally, the rock is quite coarsely crystalline, 
and contains a little augite, approaching the character of alhitic 
quartz-doleri te (1414). 

Along the eastern margin of this intrusion in Portion 36, the 
rock is distinctly bracciatod, this facies passing imperceptibly 
into the massive rock. In micnwcopic examination, it has the 
character of a flow-breccia, and sometimes appears to have been 
originally more or less glassy. Fragments of albite occur with 
very irregular outline and often slight strain-structure, also 
irregular fragments of quartz and small grains of uralitised 
augite, lying in a cryptocrystalline base (1411). In some speci¬ 
mens, the matrix is the predominant portion; in others, the 
larger fragments of crystals, evidently derived from a shattered 
dolerite and quartz-keratophyre, form the dominant feature of 
the rock. With such large fragments of single crystals may be 
associated chips broken from a minutely tracbytic keratophyre 
(1406), such as are so. abundant in the keratophyre-breccias of 
Pipeclay Creek(g, pp.l5M56). 

In places, the keratophyre becomes enriched in magnetite, and 
a dark magnetite-keratophyre occurs by the jasper in Portion 
35, aa noted above, and in the south d Portion 87. The best 
examples of magnetite-keratophyre^ however, are to be found in 
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a small complex, half a mile south of the south-eastern corner of 
Portion 37, on the head of Bog Hole Qully, in which are ex¬ 
hibited many of the features noted in the Hyde's Greek complex 
(6, pp.]33*4). The keratophyre varies from a purely felspathic 
type to a type irregularly blotched with areas enriched in mag¬ 
netite, in a matrix of evenly coloured rock. There is also a 
mass of more or less homogeneous magnotite-keratophyre, whicli 
is, however, rather slaggy or vesicular, the openings being filled 
with calcite(se« p.373). The margin of this irregular group of 
intrusions is strongly jasperised, and the jaspers contain irregu¬ 
larly distributed masses of hematite. There can be little doubt 
that here also the ferruginous jasper has lieen developed by 
solutions emanating from tlie keratophyi^. 

Towards the southern end of the zone of keratophyre, where* 
it is sharply cut off by a fault, the rock becomes much brecciatcd, 
and peculiar spherulitlc masses are developed, which, when 
microscopically examined, prove to result from intense secondary 
siliciflcation (i€(f pp.374-d76). The rock is traversed by numer¬ 
ous veins of quartz, and, in optical continuity with the grains in 
these veins, tliere are roughly circular areas in which quartz has 
entirely replaced the minutely granular gruundmass of the rock, 
and forms a matrix in which lie embedded the more or less 
idiomorphic felspar-laths. Each of these areas weathers out like 
a spherule. 

Home long strips of highly silicified claystones are enveloped 
in this mass. 

lytteouB Xocks of the Weatsm Sfriei. 

1. The Pyroclastic Rocks. 

2%e lyueous One of the most continuous and atrati- 

graphically useful lithological horizons in the Taniworth Dis¬ 
trict is the Igneous Zone, which there lies about 800-1,600 
feet above the horizon of the Nemingha limebtone. This 
is not a definite horizon, but merely a lithological zone in 
which pyroclastic rocks were constantly present, and were often 
associated with intrusive rocks. This zone is not so clearly 
marked in the Looinberah District, but seems to be here repre- 
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Rented by a fairly continuous band of pyroclastic rockSi which 
lies a short distance below the T^ooinberah limestone. Sills of 
dulerite do not occur in thiS| but lie a short distance below 
as, for instance, in Portion 61, Loomberah (here the felspar is a 
labradorite with a marginal seme of oligoclase), and in Portions 
59, 58, 24, and 35, in which also the felspars are free from albi- 
tisation. The tuffs, however, are more continuous than the in¬ 
trusive rock, and may be traced right through into the Nundlc 
region. 

yVis Netningha Red Erteeia.— A second igneous zone occurs in 
the Loomberah Distric^t, which is of more distinctive nature and 
stratigraphical value than the one last noted. It is in close 
association witlt the Nemingha limestone, and may he termed 
the Nemingha Red Breccia. It is especially marked by the 
presence of a deep red colour. The breccia of which it is com¬ 
posed has evidently been subjected to the action of solutions 
rich in iron, soda, and carbonates, which have introduced much 
magnetite and hiefnatite into the rock-fragments, and converted 
their felspars into albite and carbonates. The zone appears first 
well developed in Portion 58 (Mr. Carter’s property), the breccia 
lying along the western side of each band of limestone (s«s p.3S0). 

It occurs again in the western corner of Portion 56 near the 
Jasper Knob^ and traces of it are seen in the fields so^tb of 
here. It does not form a definite band, however, until Portion 
32 is reached, and there it is marked by a mass of porphyritic 
dolerite. From this point, it extends to the south, closely asso¬ 
ciated with the limestone, which at first lies on the east side 
only, but, nearer Black Jack, appears also west of a band of red 
breccias five hundred yards in width. Half a mile north of 
Black Jack, the limestone and breccia-zone is thrown nearly half 
a mile to the east and its width is nearly doubled, but a second 
fault crossing the northern face of the mountain while moving the 
centre of the band of breccia about a hundred yards further to 
the east, causes it to return to a width of approximately three 
hundred yards. It is here greatly broken, and numerous niasses 
of Nemingha limestone occur in it. The sane horieon has been 
traced across dope's Creek, and as far as Silver Gully. Here, 
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the quartz-keratophyre breccia, associated with the limestone, 
described and figured in a previous paper (5, p 137), belongs to 
this horizon, in the southernmost extension of the zone, the 
strong impregnation of the n)ck by ferruginous solutions, and 
its consequent red colour, are not always present. 

We find in this another zone, whicli can l)e traced all through 
the Loomberah District, and into the Nundle District. Tt is 
also seen, in all probability, in the Tainworth District. The 
masses of red, ferruginous breccia as-soedated with the southern¬ 
most masses of the Nemingha limestone in the south-east of the 
Tam worth Region, doubtless belong to this zone, and it is a 
matter of great difficulty to determine bow much of the pyro¬ 
clastic rocks on East and West Gap Hills in that parish rightly 
belong to the Nemingha Red Breccias or to the Igneous Zone. 

Thu Silver* Gully AyglomeraU.^^A short distance w^estward <»f 
this zone, commencing at Black Jack, is a second mass of coarse 
breccia associated with limestone, wliioh, however, is nearly 
always in the form of small fragments except on Black Jack 
itself. 'J'his may lie traced southwards across Cope's Creek, and 
obtains a great width in Silver Gully, A small lenticle of lime¬ 
stone appears on the slope to the north of this creek. It is 
apparently heavily faulted near this creek. Beyond Silver 
Gully, it continues as a narrowing hand containing small lenti¬ 
cular patches of limestone, hut is cut off by a fault before reach¬ 
ing Hyde’s Creek. 

Though the limestones on this zone are of the Nemingha-type, 
though in small lenses, the lithology of the breccias, the occur¬ 
rence of fragments of coarse dolerite, etc,, and the absence of 
red colouring, are features so distinct from those of the Nemingha 
Red Breccias, that the two masses cannot be considered to be 
on the one horizon. We may conclude, therefore, that the Silver 
Gully Agglomerate is a third horizon of pyroclastic rocks, inter¬ 
mediate in position between the Igneous Zone and the Nemingha 
Red Breccias. 

This intermediate horizon appears to he repeated on the 
hills west of Wallaby Mountain. It commences immediately 
south of the fault which truncates the keratophyre, and here is 
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nearly half a mile wide, and includes a band of a peculiar por- 
phyritefACC p.369, specimen 1435). In litholoi^ical character, 
the agglomerate is very like that in Uie band described last. It 
may l)e traced continuously to the south, becoming narrower all 
the way, until it dies out near the Pipeclay (lully 

Maasive Rocks, 

The Keratophyres,^ The most striking feature of the massive 
igneous rocks is the occurrence of a second long zone of kerato- 
phyres extending from near the northern end of the nlap to the 
southern. The northernmost occurrence in this zone appears to 
be the few small sills at the head of Oakey Creek, in Uie Parislt 
of Nemingha; but, further south, there is the keratophyre- 
complex by Macllvcjen’s, which clearly belongs t(» tlie zone here 
discussed. It has lieen already described (6. pp.571-3). Houtlj 
of the Pt5el Hiver, keratophyre appears again in Portion 55, 
f^oniberah, where there is a very in(*onHpicuous outcrop of vesi¬ 
cular, magnetite-bearing keratophyre to the west of Sandy Creek. 
Ileside it, there rises Jasper Knob, a huge mass of jasper, some¬ 
times almost saccharoidal or iniarolitic, with chalcedonic quartz 
and finely divided platey hssmatite, not at all smooth and uniform 
like the jaspers of the Eastern Series. The hill is about 200 
yaids lung and over 100 yards in width, and is crowned by great 
crags of jasper rising about 150 feet above the creek. To the 
north and south, the country-rock is more or less jasperised 
claystone. There can l>o no doubt that the presence of the 
jasper is due to the impregnation or replacement of the claystone 
by ferruginous solutions eiAanating from the keratophyre, just as 
was shown in earlier papers (e.p., 6, pp.l33-4, 137, 164; 6 , p.672). 
There is, however, a remarkable disproportion between the site 
4»f the mass of jasper and the small amount of visible keratophyre. 

Passing to the south, no more keratophyre belonging to this 
zone appears for a distance of about four miles. 'J'hen it is seen 
forming the low ridge in the east of Portion 31, the red breccias 
and Nemingha limestone occurring along its western margin. 
It is here a porphyritic rock, with large phenoorysts of acid 
oligoclase in a finely tracbytic base, in which a little quartz is 
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present. From this point, it may be traced across Ueedy Creek 
to the point where it is cut off by the important cross-fault men¬ 
tioned below p,35]). This portion of the zone includes a 
very unusual facies of keratophyre, namely, an aphanitic i*ock 
with a semi-perlitic fracture. Microscopical examination proves 
that this is a minutely crystalline vario1ite(Me 1405, p.369). 

The zone is then thrown to the east, about 600 yards, by the 
above-mentioned fault, hut, a short distance further to the south, 
it has been thrown back to the west, and continues along the 
eastern side of the Nemingha limestone across Cope’s Creek. 
In this portion cast of Black Jack, it is not entirely uniform, 
some portions being rather less acid than others (see, «.p., the 
description of 1383, p.370). 

The keratophyre continues south of Cope’s Creek, its intrusive 
nature being rendered clear by the large block of limestone 600 
yards south of the creek, which has been torn off from the 
Nemingha horizon and enveloped by it* It may be traced from 
this point down to Pipeclay Creek, where it is extremely sili¬ 
ceous, and thence to Silver Qully. The features of this region 
have already been briefly described (8, pp.l37 and 154-5). Of 
particular interest in this southern Extremity of the keratophyre 
zone is the occurrence of the Silver Gully keratophyre-complex 
(jaspers, magnetite-keratophyre, etc.) which is intrusive into 
the limestone. The brecciation of the keratophyre, and its pas¬ 
sage into what seem to be breccias connected with the Nemingha 
Red Breccias, are subjects well worthy of detailed study, which 
the writer, by his removal from Australia, is unfortunately pre¬ 
vented from making. 


Th9 Dolerite9. 

Three separate types of dolerite occur within this area, 
grouped into three intermittent lines of intrusion. They may 
be termed—reading from north to sooth—the Hypersthene-, the 
Porphyritio, and the Albitio Dolerite. 

Thi$ belt of dolerites has been 

already mentioned as lying a short distance below the Igneous 
Zone. Its northernmost occurrence is by the river-bank in Por- 

96 
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tion 61, whence it may be traced throuKii Portions 59, 58, and 
57. The largest mass lies nearly three miles further to the 
south, namely, in Portions 24 and 35. This is an almost granit¬ 
oid rock characterised by the presence of stmngly zoned pi agio- 
elase, cliiefly labradorite, and hypersthene in association with 
augite and ilmenite. An analysis of this rock, 1387, is given 
below (p.368). 

It is not clear whether any of the dolerites further to the 
south, such us that in Portion 37, should belong to this group, 
though they were originally pos.ctcsHed of basic felspar, now partly 
changed to ulbite and prehiiite. 

T)ie Porphyritie Dohrite is intimately associated with the 
Neiniiigha lied Bi^ccias, and, therefore, has invaded a somewhat 
lower horizon than the hypersthcne-dolerite. It appears in 
typical form, east of the limestone in Portion 59, as a handsome, 
dark green rock (1407). It has ])ale green phenocrysts of acid 
labradorite and dark chloritised augite, while the peculiar spongy 
fabric of the base suggests a relationship to the keratophyres. 
A much larger mass occurs in Portion 32. This occurs intrusive 
into the Nemingha Red Bre<'cia In between these two masses, 
the large and sinall fragments of porphyritie rocks in the 
Nemingha liml Breccia have features strongly suggestive of close 
association with, if not original membership of this group of 
intrusions. The ferruginous, albitising solutions have, however, 
strongly attacked the rocks, changing pyroxenes into iron-ores 
and carbonates, while plagioclases, originally basic, have passed 
into albite and carbonates. These have thus become kerato¬ 
phyres through the alteration of dolerite-porphyrites, a process 
analogous to that described by Neithammer(16) and E. B. Bailey 
(19), and they are associated with fragments of normal trachytic 
keratophyres, more or less impregnated with ferruginous solutions. 

It is possible that these porphyrites may be connected with 
the porphyritie spilites on East Gap Hill, in the Parish of 
Nemingha(6, pp.596-8). The latter pass without break into a 
red breccia identical in all respects with the Nemingha Red 
Breccia. The porphyritie rooks are not, however, identical. The 
East Gap Hill i*ock has suffered to a greater or less degree from 
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metamorphosing solutions, which have replaced the basic felspar 
by albite and minutely granular quartz-mozaic. 

This correlation would involve some alteration in the details 
of the tectonics and stratigraphy assumed previously for the 
neighbourhood of East and West Gap Hills (aee below). 

AlbiU-Doleritft,-^ThiH zone commences to the west of the 
keratophyre in Portion 37, and occurs first in a series of small 
isolated lenses running south-east until the first great cross-fault 
is reached. No more appears for half a mile to the south of 
this, but, beyond the second cross-fault, a large sill appears, and 
continues thence without a break across Cope’s Creek to Pipecduy 
Creek, a distance of over two miles. The sill is nearly 200 yaids 
in width, and its dip is approximately vertical. At its southern 
end, the dolerite is faulted against the eastern mass of the Silver 
Gully agglomerate, and a great ridge of coarsely crystalline, 
ferruginous jasper has developed in the plane of movement. (The 
appearance of this ridge would load one to expect that a little 
ferruginous keratophyre would be found along its western face. 
Time has not permitted the writer to search for this). 

Petrologically, this zone is rather varied; a specimen taken 
from the northern portion shows a mixture of sub-ophitic and 
Bub-variolitic textures, with clear albite, and augite(1378); but 
west of Black Jack, in the main zone of rock, a dolerite occurs 
(1376), the albite of which is very dusty and associated with 
prehnite, and has evidently been derived from a more basic 
felspar, with associated alteration of the augites to chlorite. 

This zone of dolerite, lying as it does between the Serpentine 
Line and the Nemingha Limestone, is probably to be correlated 
with the dolerites that extend from the mouth of Sheep Station 
Creek (three miles south-east of Pipeclay Creek) to beyond 
Hanging Bock (mcS, Plate xxi.). We may also consider that it 
finds a repetition in the zone of dolerites and spilitee that lie 
west of the Nemingha Limestone, and extend from near Bowling 
Alley Point across Moonlight Hill and Tom Tiger into Swamp 
Creek. In these, many examples of the'sub-ophitio to sul^ 
variolitic albite-dolerites have bMii observed (6> PI, xxv., Iig.2). 
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SUMMAfty OP DkTONIAN StHATIOBAPHIOAL SUCCBSBION. 
Before attempting to draw up an amended columnar section 
(Text-fig. 1; see also 6, p.549), we must point out the uncertainty 
of some of the data upon which it is based. Owing to the rarity 
of exposures showing the angle of dip, reliance must be based 
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upon the correlation of certain leading zones with other zones, 
the horizons of which have been determined in the Tamworth 
District. This correlation is often lithological only, and the 
zones compared are sometimes pyroclastic accumulations, which 
may vary greatly when traced in a lateral direction, or may 
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completely disappear, or tliey may even be sills, which, in addi¬ 
tion, may transgress from one horizon to another, while the 
presence of an indeterminable amount of strike-faulting permits 
frequent repetition or complete disappearance of some beds. 
Hence detailed accuracy is impossible. One must either 4eave 
the buccessioii a chaos, or attempt to piece together the isolated 
fragments of evidence, making as few and as reasonable assump¬ 
tions as possible. The latter course appears preferable. 

If reference be made to the earlier columnar section {loe, 

the lowest portion of phyllites, jaspers, etc., may fairly 
be correlated with such rocks in the Eastern Series as are not 
comparable with Western types. They are separated from the 
Noiningha Limestone by the intrusive mass of the eastern kerato- 
pliyre, a great iregular sill, and an unknown width of transi¬ 
tional rocks. There is possibly a fault west of this, causing the 
disappearance of all but the small mass of the Nemingha Lime¬ 
stone in Portion 52, which itself would then be a repetition of a 
portion of the main zone of the Nemingha Limestone, lieneath 
this main zone, there is also keratophyre closely similar to that 
to the east of it, and tentatively correlated therewith. The 
Netiiinglia Bed Bi*eccia reaches its maximum thickness near 
Black Jack, and is possibly there near the point of its eruptioti. 
The Nemingha Limebtone is not confined to one horizon only, 
such os the base of the Red Breccia, but may occur in large 
lenses at various levels within this breccia, though since the 
breccia must have been rapidly formed, all such lenses of lime¬ 
stone are practically coeval {ef, 6, p.675). The depth of the sea 
during the depubitioii of these limestones must have l)een con¬ 
siderable to permit of the rapid accumulation of such a thickness 
of breccia, though Mr. Chapman’s remarks suggest {see p.S90) 
that this locally may have risen above sea-level and permitted the 
formation of oolitic limebtone. Such local production of islands 
of pyroclastic material was shown to be probable in the Tam- 
worth District. The intrusion of tlie porphyritic dolerite seems 
to have been closely connected with the formation of the 
Nemiftgba Breccias. 

The deposition of radiolarian cherts and claystones followed, 
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but was shortly interrupted by the outbreak of the volcanic 
action which formed the Silver Qully Agglomerate extending 
from Black Jack to Hyde’s Ci*eek, the centre of eruption 
being proV)ably near the southern margin of the map herewith 
(Plate xxxii). 

Further radiulariaii sedimentation followed, with ipinor 
volcanic outbreaks, until the mure extensive eruptions occurred 
which have produced the pyroclastic rocks of the Igneous Zone, 
which are not as thick in the region under discussiou as they 
are in the districts to the north and to the south. Associated, 
apparently, with this eruption was the intrusion of sevei'al 
dolerite-sills lying below the horixon of the pyruclastio rocks of 
the Igneous Zone. The sills exposed within the J^ooinljcrah 
Parish are of normal composition, that to tlie south of Loomberah 
being albitic. Wheth*^r tlie keratophyres below the Nemiiigha 
Limestone were injecieil at this period or not, cannot lie deter¬ 
mined at present; they were evidently formed under a consider¬ 
able cover of sediment. All the tuffs contain fragments of coarse- 
and fine-grained keratuphyric material (but not fragments of 
ferruginous jaspc^r). 

iiadiolarian sedimentation ensued once more, and the deposi¬ 
tion of the Loomberah Limestone followed, the limestone rising 
in places above the surface of the sea, so that it has distinctly 
the features of a littoral formation. Nevertheless, the rodio- 
larian mudstones above and Inflow it are quite of the normal 
type, the former containing abundant small intrusions of acid 
tuff 

Following the deposition of the lioomberah Limestone is a 
series of radiolarian claystones and tuff. Tlie most important 
centre of eruption was near the head of Cope’s Creek, the bands 
dying away rapidly to the north, but continuing some distance 
to the south. A less important centre of eruption lay near the 
north-western end of the area mapped, in Oalala Parish. Above 
these agglomerates, the radiolarian claystoiie gives place to a 
radiolarian mudstone, softer, and not quite so finely granular as the 
former rock. No sign of the Moore Creek Limestone is present, 
though it might be expected near this region of change in char- 
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acter of sediment. In this aeries occurs the /one of the Scrub 
Mountain Goiigloniorato, which, commencing in the south-west 
of Jjoomberah Pariah, may i>e traced tu beyond Niindle. There 
IS at present no evidence to show the change in geographic con¬ 
dition which led to the development of this formation, but the 
Hiiggestioii has Ijeen made ahovc(p 341) that it represents a con¬ 
glomerate laid down by a sea transgressing over a region whicii 
has been up warped during the eruption of tlie immense maSsea 
of pyinKslaatic material forming the Baldwin Agglomerates, which 
extend intermittently from Tamworth to Bingara. If this bo so, 
the Scrub Mountain Coiigloiiicraie is approximately cijoval with 
that outbreak. 

No angular or lithological uncHniforinity, however, has been 
recogiiisod lietweeii the mudstones above and IkjIow that con- 
gluinemte. Tlie iiiiidhtoneK iiIkivc this ivgion (which, if the prt?- 
suine<l stratigmphic ]K>sition of the conglomerate is c(»n^*ct, 
Ijelong to tlie Hai-nilia Sei-ies) aiv exactly like those below. They 
contain the Pyramid Hill tufts, the centre of eruption of wliich 
was near the Pyramid Hill Baiigt*, for they die out to the north¬ 
west and also tu tlie south-east, as is indicated by tlie tofKigrapby 
of the regions beyond the ai'eii mapped. Higlier beds than this 
liHAc not lH*en tiiu-ed in this region. 

Ihe SerpentifteS) etc, 

Thu liand of serismtine in the south-eastern corner of the map 
of tlie Tam worth district, c<mtinues for nearly a mile till, near the 
main road in Portion 83, Neiningha (heliind Mr. White's i*csi- 
deuce), it is siiarply cut oti by a sinull fault, which has displaced 
the eastern series a dihliincc of about 100 ^ards to the north-w’est. 
The serpentines of the above hand are of varying widtii, and 
largely scliistose, and do noi show any relief. A nutewortliy 
featui'e is the oceuri*eiice in the sei^ntinc, in Portion 105, of a 
very cuai'se )>egtnatitic mass of albite and quart/, wliich lias 
been shattered ami seamed with further veins of quartz. 
Similar albitic veins occur elsewhei'e in the sei*pentine ( 4 , pp.691- 
2). South of the above-mentioned fault, no continuous zone 
of serpentine is met with. A small lenticle, about 60 yards in 
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length appeara in Portion 54, Looinberab, and then no sign of 
serpentine until Portion 39. Here, nearly six miles from the 
last occurrence^ the serpentine is found in intimate relation 
with a mass of vesicular spilite. A single band of spilitu has 
apparently been broken by oblique faults, and, into these, 
peridotite has been injected. The northeramost patch appears 
actually to invade the spilite, but the rubbly nature of tlie ex¬ 
posure renders this uncertain. The mosses of serpentine to the 
south have been thrust between the iragmeuts of the sheared mass 
of bpilite, niid, beyond these, serpentine uceurb here and there in 
the line of shearing pas.4iig southwards up a small gully« Again 
there is a gap of two miles free from serpentine. It then appears 
south of Cope’s Creek, as a narrow zone, widening to the south, 
extending through a small saddle into the watershed of Pipeclay 
Creek. This mass of set^ntine contains abundant intriisious of 
doleritc, of the type frequently present in sueh association, already 
described from the neighbourhood of Howling Alley Point, and 
Moonbi(6, pp.156-7; 6 , pp.615-6). 

No further Herpentinc is soen till tm the southern side of the tiat 
opening at the moutli t>f Hyde’s Creek, wlieu a small imtcli appears 
on tlie north side of the Peel River in Portion 9, Parish of Dun- 
gowun, and is cuiitinued south of the river for a couple of hundred 
yards, until it is cut off by the southern boundary-fault of tliis 
ancient senkungsfcld-area (soc below, p. 360). Its further 
development comniencos in Hheep Htatiou Ci'eck a mile east of 
here, and continues to Hanging Hock, as already described (8, 
pp. 582-5). 

Granophyre, 

A single narrow vein of cit)amy-wdiitc granophyre occurs in 
Portion 36, and is, perhaps^ to be correlated with the veins of 
griuiophyre and porphyry associated with the gi'anite in the 
Nundle District, though the nearest known occurrence of this is ten 
miles away. It consists of fairly idiomorphie but very koolinised 
plagioclase, zoned but appaivntly acid in the main. These form 
prisms 0*8 X 0*1 mm. in cross-section, with interstitial quartz 
and sometimes granophyric intergrowtk. Small, brown-gpreen 
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priflins of hornblende alnu (x:cur, with Hbrous extensions, and 
rai'eiy large grains of inagiietiie. 

The Permo-CarbontferouH Saudnlouvn, 

Nothing need be added to what has ah'eady lieeii published con- 
cerniiig these i’ocks(3, pp.586-7) save in ragaid to their relation 
to the faulting, which is discusser! in a later section(p.360). 

Tertiary liasalt. 

The occurrence of the Tertiary liasalt is conttned U) a few locali¬ 
ties. Jt IS found only in iiecks and dykes, 'flie largest neck is the 
inusH of Blar*k Jack ilself, a roughly circular area of basalt in 
which a tliickiiesH of about 300 feet of this roi'k are exposed. 
There is absolutely no sign of luidcrlying gra\els, and the varying 
height of the lower limit of the exposeil basalt seems to depend on 
the relation of the surface-topography to the margin of a \erlical 
column of rock, ilalf a mile to the north is another small plug of 
liasalt cutting through the IinieKtones. This is only 100 yards in 
diameter. A third occui*s near the mouth of Hyde’s Creek (0t 
p. 172). 

Finally, a small dykt*of liasalt has beiui iioUhI luuir ilic head of 
Keedy (.'reek, running in u dire<*tion parallel to the trend of the 
dip-faults. Those ai'c quite normal olivinc-baHalts, concerning 
which no specdal petrological features are worthy of record. 

Rccefit Drift and Atlurinm, 

These terms ai^ employed in the same sense as liefoiv(6. 
pp. 500-502). The gi'eatoi acciimululiun of drift is in Ihc large 
lint near the head of Reidy Creek, a topographic feature wlioso 
significance is not quite clear. The alluvium of the flood-plain of 
the main river includes about eleven feet of loam lying above 
,gravel, which, in the single test known to the writer, reached a 
thickness of thirty feet. The thickness of the upper stratuin of 
loam is subject to rapid variation. Mr. K. 11. Dowc informed the 
writer that in Portion 60, a fence four feet jn height vras com¬ 
pletely covered in twenty-five years, while nearby, in the hole left 
by a tree wliicli had burnt dowm to the roots, it was obvious that 
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the llood-pluin \e\ei liiul ristMi at least ei^lit loot during the lite oi 
Uint tree. 

h'oUHnfj auti Faulfintj. 

We are luiw in ii [lOHition to Muiniiianse tlic tectonic Htructiiiv. 
of the distnet, us deduetMl froirt tlie ussiimptiutis luude in uur 
striitig:raphieal eoiTelutions. The inoht obvious iaet is a geiicrul 
(dose folding; tiloni; uii axis nittninK ui a direcdion avoraj^iii;^ N. 22*^ 
W.-S. 22“ E. (iiiagiu‘tic). The foklirif^ force came fixini the east* 
and the eastern sitk is most ulfeeted. There is ii median /one of 
iy:reut eruslunfr into which the serpentines hu\e been iiije^ded, and 
a western /.one with a dip at first nearly \eitical thoii^li predomi¬ 
nantly westerly, decreasing in aniunnt as we pass in that dii'eetion. 

East of this Sei’pentine F-iiic, however, the strike N.23*W. is by 
no means universal, but a more nearly meridional strike is (juiti* 
common, ns shown by the calcareous bre<*cia on the south-west ui 
Wallaby Mt., which runs obli(|uc]y to the Ser]»cntinc Line, or hy 
the tuffs, etc,, ontcrofiping by the roadside in Portion 43, or by 
the northern end of the Horpentino inaNs in Copco’s Cm^k. This 
i*e(MtlN tlie virgatiofiof strike in tlm Parish of Ncniiiigha(0, map), 
or that in the region of Mundowmy on the Nainoi(2 or 7, map). 
Hut superposed upon this ohliipio strike is the regional strike 
shown in the great lines td' slieur in which are dc\elo])cd the red 
jaspers, such as those that ibnii the clilTh uL' Walluhy Mt., and 
extend to the mouth of Cope’s Creek. 

Wo concluded that the eastern inass of keriitophyrc, in the /.one 
west of the Serpentine Line, may have a fault along its western 
margin (*onceu1ing the limestones, for the most pari. Another 
probably ticcurs along the east side of the w'esteni keratophyre. 
Between these, the chert dips E. 3,5“ N. at 85“ in places, and is, 
therefore, slightly overfoldcd (see Text-fig.2). West of the 
limestone, the beds dip to the west, but there is doubtless a con¬ 
siderable amount of refietition by strike-faulting, with, occasion¬ 
ally, a reversal in dip. 

The Pyramid Hill Range stnicturHlly is a great syiiclinc, cut by 
one or more strike-faults. Tlie analysis of the probable folding 
and strike-faulting thus indicates a structure comparable with that 
of the Tiimworth District and ix>gioiis further north. 
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W'c Jiu\u now to euubider u beiiouil group oi‘ i'aultS; eoiiceruiiig 
wliieli littJu liab ^el been iiioutioutitl. Tliebo run in u direction 
u]*|)ru\iniately ul right angles to the luain line oi' strike. Uiie is 
thus rouiinded of Huess* diseusbiun of Haw-faults or ''blatter’'(90), 
and might suggest that they wei'o here causeil by the diiibi*eiitml 
i'ulding thrust exerted lietwceii (he Taiuvvurth region^ buttressed by 
the Moonbi Granite, and (lie Mimdle region buttressed by tbe 
Dujjcttirs Creek Granite; i'or, in those regions, strike*i*aults, sueh 
as orrur ill the Looiiiberali region, are not nearly so strongly 
marked a featuix*. ^igainst this, hoa ever, is the absence of any 
detliiite evidence as to the rclali>e age of these faults and the 
granite-masses, aiul the certainty that considerable vertical, as well 
as horizontal, uioveinent must have occurred along Uie fanlt-pJaiies. 
The dip-faults are cleai'ly younger than the folding and strike- 
faulting, and, though the evidence is not yet conclusive, tlie dis- 
[)iacemeni of the serpentine from its position on the Peel Kiver, 
near Warden's (Portion 9, Diuigowaii), to tbe mouth of Slieep 
SUlioii Creek, half a mile to the east, may uelL be due to tlie 
marked dip-fault winch runs from Hyde's Creek to the Peel liiver. 
'i'lie dip-fauitiiig then would be later tiiaii tlie intrusion of the 
iiltrabasio rock. Furthermore, it was concluded tliat the large 
open area at the mouth of Hyde's Creek owes its origin to the 
removal, by the river, of an in-faulted block of soft Permo-Car- 
IjonifeniuH it>cks among tlie haixler Hevunian beds ( 3 ). The 
southern boundary of this aifsa is marked by tbo above-mentioned 
dip-fauH; the northern boundary is parallel thereto, and, in all 
probability, has been determined by n similar fault. The eosieru 
and western limits of this area are sufficiently nearly parallel to 
(he uuiiii strike to suggest that they were determined, in some 
degree, by movement along lines of strike-faulting. Houcepart ut 
least of the'mOveinent along these fault-planes must have occurred 
after the deposition of the Permo-Carboniferous Sandstones. This, 
however, was perhaps posthumous movement on fault-planes first 
formed during the late Carboniferous folding. Tbe author’s 
removal from the State has prevented his completing the detailed 
study of the faults around this down-thrown area. 

f CoHtmutid Oh jk . W.j .) 
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NOTES AND EXHIBITS. 

Afr T. Hteol exhibited the gizzard of a Muscovy duck with a 
lateral, vermiform appendage, three-quarters of an inch in length. 

Mr. Fred Turner exhibited a specimen of (werantum molh 
Linn., a European annual weed, found growing in Moore Park, 
in 1891, a species not included in the late Dr. Woolls’ “Plants 
Indigenous and Naturalised in the Neighbourhood of Sydney ” 
(1891). 

Mr. J. L Froggatt showed specimens of tlio common House-fly 
{Musca dom«iiica Linn.) bred from maggots collected from stale 
and rotten liver in which blowfly-maggots had previously fed and 
matured, at Moree, N.S. W.; the first time, as fur us the exhibitor 
could ascertain, that this species had been reported as brt^eding 
in purely animal matter. 

Mr. W. W. Froggatt exhibited specimens of three introduced 
beetles of economic importance— Anobium domeaticum Fourer, 
a wood-borer, introduced from Europe in timber, recently found 
damaging floors in several localities; Jthizopertha dominica Fabr, 
an Indian beetle, becoming a serious wheat-pest in South Aus¬ 
tralia, and at Sydney; Sphenophorns Hriatu$ Pahrs., a Brazilian 
beetle, whose larvse attack the basal portion of the stems of 
Bauana-plantb in Southern Queensland and in the Tweed River 
district. Mr. Froggatt also communicated particulars respecting 
recent migrations of mice in inland districts, and of small, car¬ 
nivorous Marsupials {thaaeogale Jlavipea Waterh.) which prey on 
them. 

Dr. Tillyard showed a specimen of shale with a fossil insect- 
wing, from the roof of the coal-seam of the Sydney Harbour 
Colliery, described in a recent paper. 

Mr. Fletcher showed a series of Brachysoelid galls from one 
branch of a tree of Euoalypiua reain^erOf some of which had 
inoorporated leafy branchlets. 
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ORDINARY MONTHLY MRKTTNO. 

July Slat, 1918. 

Professor H. 0. Chapman, M.1)., President, in the Chair. 

Miss Hratiibr Shkrrir, B.Sc., Science Research Scholar, 

University of Sydney, was elected an Ordinary Member of the 

Society. 

* 

'I'he Donations and Exchanges received since the previous 
Monthly Meeting (36th June, 1918), amounting to 2 Vols , 28 
Parts or Nos., 1 Bulletin, 1 Report, and 3 Pamphlets, received 
from 27 Societies, etc., were laid upon the table. 
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PwTROliOGT. 

The only rocks of special interest, to which attention wdll lie 
devoted in the siNiuel. are the inaHMve Devonian Igneous rocks, [t 
was hoped to make a complete study of the rocks which occur os 
fragments included in the coarse Silver Gully Agglomerate and 
tlie Scrub Mountain Conglomerate, but the securing of suflicient 
material w*as prevented by want of time. The attention of future 
investigators is directed to thisi point. Of the massive rocks, we 
And, in this region, several types not elsewhere noted in the 
Middle Devonian Series, namely, hypersthene-dolerite; porphyritie 
dolerite with basic felspar; various types intermediate between 
doleriteor spilite, and koratophyre; a seiniperlitic variolite; and a 
peculiar pseudospherulitic or blotchinl, silicifled, pyroxenio kerato- 
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phyre. The conclusions previously reached, as to the mode of 
ori|i;in of mapfuetite-keratopliyres, and their relation to normal 
keratophyres. and jaspers are quite confirmed. 

wild Spilit^n of the Kaete^'n Sfrieg artrf the Traneitiaiml 
Zone, 

In Portion 43, tiiere occurs a very quartzose dolorite, No, 1308. 
The felspar occurs in perfect prisms and prismoids. It is an andr- 
Hino only slifrhtly zoned and very turbid. • The nn^ite is in idiomor- 
phic ^ains, with a normal optic axial angle. It is more or less 
replaced by chlorite. Tlmenite forms large angular grains; and 
quartz is very abundant in lai^ interatitial grains, and is never 
granophyric. The spilite (1390) which occurs in Portion 36 by 
the western boundary of Portion 47, is a very fine, even-grained 


* In a review of the earlier pai*ta of this Herien of papers, Profeteior 
JohannaeiI (*1011111. of (leol., 1917, p,494) writ4Mi;—*'The term dolerite 
18 apparently uiied in a different senRe from that common in the United 
Htates, where it signifies a ooarse-grained basalt oonUining a boaio plogio- 
olase. The writer speaks of albitization proceeding inwards in the felspar, 
by which he apparently means that the sodio rims am secondary. It would 
seem more probable that the zonal rims are primary. The rook thus ap¬ 
pears to be an augite-andesite.’* It is, therefore, desirable to state that 
the albitio rocks indicated are structurally, and in their mode of ooenr- 
renoe, similar to those termed albite-diaboses hy Flett and Dewey (Qeol. 
Mag., 1911), and differ from them chiefly in the better preservation of the 
pyroxene. Subsequent researoh has shown that they are associated with 
rooks with basic plogioolose, which are quite similar to, say, the Devonian 
diabases of (Germany. The name dolerita was adopted in conformity with 
Dr. Karker's practice {eee Petrology for Students, 4th Edition) to indicate 
the original nature of the rook. The term augito-andesite might have been 
misleading. The secondary nature of the olbite was inferred partly from 
comparison with the analogous rooks studied by Flett and Dewey. Sub¬ 
sequent work ted the writer to doubt the universality of the albitisation, 
and the present investigation leaves him with the feeling that the albite 
may sometimes be a primary magmatic crystallisation, sometimes the 
result of sesondary post-volosnio replacement by magmatic solutions. 
Analyses show that such albitisation is accompanied by an addition of 
soda. In the case of analoite, it has been shown that these two stages 
merge into one another, and it is suggested that the same may hold in 
regard to albite. 
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rook willi Hiiiall pheiioorysts of auKiie and ulbito. In ^truclni'e, it 
IS closoly comparable with the usual typos of spilite in the Eastern 
Series, but it has been rather crushed. The highly altered pillowy 
spilites and asHoeiatetl doleritos in Portion 56 remain to be men¬ 
tioned. The dolerite (lil77) was originally ophitic, and though the 
W)ck lias been completely decomposed, the structure Has’ been 
retained. The felspar has l)een replaced by strained quai*tz and 
chlorite, tlie latter when forming a large area being generally 
Mphcnihtic. The silica is Moiiietiines ehaleiMlonic, .*ind may have 
narrow margins of 04irbonate. A second form of alteration is to 
calcite, with a small amount of residual albite. The augite is 
(Mitirely changed to platey chlorite. A little magnetite remains. 
Tlie spililos forming tlie pillows arc represented by Nos, 1112 and 
1124. In these, the original structure is 1001*0 or less lost, owing to 
the (lecoinposition tif the constituent minerals. Traces, however, 
indicate that tho felspar formed prisms, wliich are now replaced 
iMther by chlorite (1124) or a clear, colourless, intermediate 
iriaterial (1112), which is perhaps a zeolite. Tho pyroxene was 
idiomorphie (1112) or ophitic (1124), and is now changed to 
clilorilc in green plates wdth spherulites, or associated with dolerites 
or cnlciie. The formati<m of chlorite is accompanied by tho 
separntinii of magnetite. 

77ic hfneovif Rocks Iv tho, Tamimrth 
The Dolerites. 

The DolerUrs with basic felspar occur in tho northern of the two 
Kories of intrusions already described, those with albite are in the 
southern intrusions. The freshest Example of the first group is a 
reck (1387) from the large intrusions in Portions 24, .35. ft ha.s 
a structure intermodiate between tho granitoid and suhophitic. 
The felspar ia strongly zoned, the main portion being labradorite. 
the margins of the grains oligoelase. The ferromagnesian minerals 
are abundant, augite in sub-idiomorphic grains being predominant. 
Hypersthene, however, occui's in considerable amount in large, 
roughly idiomorphie grains (upon which the augite is sometimes 
moulded), occasionally containing idiomorphie plagioclasc. Tin* 


26 
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hypensthene is decomposing peripherally in tlie usual manner. 
BiotJte occurs in very small amount in minute plates. Titaniferous 
magnetite is abundant in irregular masses moulded to some extent 
upon the felspar and pyroxenes. Apatite forma abundant large 
prisms, and quartz occurs in n considerable amount in granular 
mass in interstices. A very complete analysis of this rock by Mr. 
Mingaye is given below. It is of particular interest as being the 
drst instance of a liypersthene-bearing rock obsen^ed in the 
Devonian series. 

Closely related to this, but less ricli in coloureil constituents is 
the coarsely granular dolerite in Portion 61 (1384). In this, the 
rhombic pyroxene is entirely decomposed, and is repivsented by 
pKeudomorphs of talc and chlorite. Preluiite also occurs as an 
alteration-product. The small patch of dolerite east of the kerntn- 
phyre in Portion 37, is apparently of compound nature, containing 
both normal and albitic dolerites. The drst of these is c.vempli6cd 
by specimen No, 1409, a coarsely granular dolerite, with a felspar 
chiefly labradoriUs though clear patches of oligoclasivandesine 
iiccur. The felspar is largely altered to prehniie. The augite has 
been partly altere.l to form chlorite, and crystals of magnetite arc 
present. Quartz and hypersthene are absent. 

The Alhitie Doleriten .—The albite-dolerite in the occurrence 
mentioned above is a very clear, fresh rock (No, 1378), fine¬ 
grained, and with a glomern-porphyritic to ophitic fabric, with 
small, flnq-grained, sub-variolitic patches. The felspars give no 
sign of zoning; they arc quite fi^esh albite-oligoclase, and, in the 
variolitic areas, there are skeletal extensions from the ends of the 
crystals consisting apparently of albite. The pyroxene is often 
quite undecomposed; at other times, it is replaced by chlorite. 
There are peculiar sphemlitic aggregates of hematite in the vario¬ 
litic portions. Ilmenite ocenrs m small crystals. Closely related 
to the above is the dolerite (No. 1.304) occurring by the boundary 
of the Peel River Company’s Estate, a mile due south of the last 
occurrence. The felspars, though albite, are a little dusty. The 
fiugite-f^rystals are partly ehloritised, forming irregular crystals. 
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These two rocks clearly belong to the same group of dolerites as 
flgiired in Part iv., Plate xxv., fig. 2. 

The next mass of dolerite (No* 1393), half a mile to the soiitli- 
east of the point of occurrence of No. 1394, is a rook of mediiim 
grain-size, with albite-felspar, interstitial quartz occasionally 
graiiophyric, and augite almost completely changed to chlorite; n 
little magnetite also is present. 

The dolerite in the belt of rocks which crosses Cope’s Creek, is 
exeiiipliAed by No. 1376. Though the felspar in this rock i.s now 
a very dusty albite, it has certainly been derived from a more basi<* 
mineral. It is sometimes a little spongy, containing prehnite, which 
also occurs interstitially in large elenr patehes. The augite is 
entirely replaced by chlorite; ilmenite and apatite occur in rather 
large grains. 

The Porphjfritic Doleriiea, gciieriilly closely associated with the 
Neminghf limestone, may he illustrated hy the description of three 
speeimens. It occurs in Portion 60, immediately east of the lime¬ 
stones, and is a fresh-looking, dark green rock with plienocrysts of 
felspar and augite (No.1407). The felK)>iii' is an acid labradorite, 
and is only slightly zoned. The angite-plienoerysts are, in parts, 
quite fresh, while some are completely changed to pseudoraorphs of 
chlorite, and carbonates in one instance, with a further replacement 
of the centre of the psendomorph by quartz and chalcedony. 
There are also small phenocrysts of magnetite. The base has a 
spongy fabric similar to that of quortz-keratophyre. It consists of 
short laths of dusty labradorite, an abundance of minute crystals 
of magnetite, and a good deal of interstitial quartz. 
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The following analyses, generously contributed by Mr. J. C. 11. 
Mingaye, F.C.S., show the compoHitioii of this rock, and 

also that of the dolerite with basic felspars. 



No. 1:187. 

No. 1407. 

SiO, . 

.51*14 

5817 

Al,0, 

14*47 1 

1607 

Fe.O. . 

3*li0 ‘ 

2*60 

FoO 

8't28 

3iM 

MnO . 

o-Ai 1 

018 

NiO, OiO 

abs. ' 

abfl. 

MrO , 

UnO 

.5*S0 i 

3'22 

‘J-«4 1 

8'18 

BaO 

•trace ' 

007 

Sri) 

tproneiit ] 

' 

1 -i-traoe 

NaaO 


2*22 

K,0 , 

O'57 

1'90 

Li.O , 

aim 1 

1 al)s. 

H.O- i 

0-34 

0*22 

H,0) 1 

2*52 

1*78 

OX), . 

abs. 

,0-93 

V ! 


— 

TiO, , ; 

0-7.5 

O-.Vi 

ZiO, 1 

aliH. 

abs. 

HiO, 

0*08 

0*10 

FeS, 

aim. 

0 07 

SO, 

abti. 

abs. 

01 

*trace 

*traoe 

Cr.O,. 

*trace 

abs. 

V,0, 

0*03 

0*02 


99*87 

100*30 

iSpeoifto gravity 

2*929 

1 2-783 


• liOBs than 0'0I%. t Spootrosoopic roootion only. 

No. 1387—Dolerite with hyperstheiie and liosio felspar, Portions $24, 30, 
Parish of Loomberah. 

No, 1407—Porphyritio Dolerite, Portion 59, Parish of Loomberah. 

These analyses should be compared with those given on page 602 
of the fifth paper of the present series (6). 

No. 1416, from Portion 32, is very siinilar in general character 
to No. 1407, though rather more decomposed. The presence of 
chlorite replacing the inner portion of a zoned plagioclase-pheno- 
cryst is a noteworthy feature. 

IVhat appear to have been originally similar rocks, though now 
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alU'red by the ferrugiuous and aJbihc bolutians which travel aod 
the Neiuiiigha Red Breccia, occur in fragmentsi by the limestone in 
Pui'tioii 58. Specimen No. 1116 is a good example u£ these. It has 
a sub-vai'iohtic to pilotuxitic base, consisting of small laths of acid 
plugioclaKc, rroiij uJiich grow-oiit skeletal felspars or sub-radiating 
microlites, with finely divided interstitial magnetite, together with 
larger well-formed magnetite crystals, interstitial quartz, and a 
\ery little chlorite. Here and there are irregular areas of calcite. 
The large phenocrysts of felspar are ciitii'ely replaced hy albitc, 
dotted with calcite. The trace of the original zoning is very 
obvious. 

A peculiar type of porpliynte occurs interstratified in the 
agglomerates between Black Jack and Wallaby Mountain. It is a 
dense tiric-graiiied, black rock (No. 1435) with phenocrysts of 
flush augite, usually singly twinned, and large crystals of plagio- 
close winch arc extremely full of inclusions of chlorite, apparently 
replacing augite-gruins, or portions of glassy groundmass, con- 
taiuing skeleton-crystals of ilmeuite. The groundmass of the rock 
has a liasaltic texture more like that of some lamprophyres than of 
spilites. it coiismts of long prisms of augite and of plagioclaso 
with skeleton-ilmenitc, together with a considerable amount of 
piatey chlorite. 

Vartoliie is represented by a single example (No, 1405). It 
occults in the Peel River Company's Estate half a mile to the south¬ 
west of the southern corner of Portions 31 and 37 (Loomberah). 
Tt is a dark gi'cen, aplmnitic iwk with a very poorly developed 
perlitic fracture. Microscopically, it proves to be an oxtrcniely 
finely crystalline rock, composed of sub-railiating sheafs of minute 
folspar-microlitCH, with fine-grains of inagnetite arranged among 
them. There arc n few small phcnocrysts of albite and augite. 

The Keraiophyres. 

'Die keratophyres may be grouped into five main divisions. i.Tlie 
pyroxeiiie keratophyre. ii.Tlie kcratophyre proper. iii.The mag- 
netite-keratophyre. iv.The nodular siliceous keratophyre. v.The 
keratopbyre-br^ccia. These pass into one another. 
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The pyrojcenw keratophyree are those floe- aud coane-grauieU 
types oi' rocks^ which are mtennediate in composition between the 
dolerite-spilite g^oup, on the one hand^ and t)ie t'elspatluc kera* 
tophyre on tlie other. They may or may not contain quartz. xVs 
instances oi: these may be deaM;ribed specimen No. 1414. This i& u 
pinkish it>ek of medium gmnsize and syenitic appearance, occur¬ 
ring a quarter of a mile soutti of the point where 8aiidy Creek 
enters the Parish of Looiiiberah. It is granitic in texture, con¬ 
sisting of giuins of albite up to 1 itini. in diameter, irregular 
prisms of augite partly ui'alitisod or altei^ to chlorite, prisms of 
apatite, aud a minor amount of sphene in irregular grains. 

The a-esteni kerutupliyre-zone is exempliiied by two rocks, wliich 
may be classed with the pyroxenic keratophyre-group. At the 
norihem end of this zone, in Portion Ill, the keratophyre (No. 
J4Jo} is porphyritic with phenoerysts of albite, augite, now com¬ 
pletely chloritised, and ilmonite associated with small crystals of 
apatite in a glomero-porphyritic aggregate lyuig in a pilotaxltic 
liase of laths and small pheiiocrysts of albite with intereiiiial 
quartz. Further south, on the same belt, just east of Black Jack, 
occurs a rock (No. 1383) rather more pyroxenic tlrnii this, it is 
dark green in colour, consisting of well crystallised albite-laths, 
generally alxiut 0"2 miii. in length, together with sinall phenociysts 
of the same mineral 1, mm. in diameter, partly replaced by chlorite 
zuiially aiTanged. Interetitially between the felspar-laths is a 
small amount of devitriiled glass. The augite occurs in small 
grains often more or less chloritised, and, in addition, there is a 
fair amount of magnetite. The keratophyre of this zone is, how¬ 
ever, usually more acid than this, as instanced by specimens 
described bdow, and the higlily siliceous rocks near Pipeclay 
l^reck. 

Bearing in mind NeithammePs suggestion (18), supported hy 
E. B. Bail^(18), that keratopliyres arc often only albitised 
porphyrites, we may include in ibis group specimen No. 1123 from 
the Nemingha Red Breccias (Portion 58). It is closely allied to 
No. 1116 described above (p. 369), and contains idiomorphic 
phenocrysts of plagioclase, in which a little original andesine 
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reuiaiiiHf though moat is replaced by albite or ealcitc. There are 
, uluu amoll plieiiocryats of fresh augite and magnetite. The groiuul* 
mass is extremely iinu'graiuedi with a trachytic structure dotteri 
witli liuely crystalline magnetite. 

Ths which consist essentially of acid plogio- 

clase, are rather less abmulont than other rocks. They usually 
have present in them some other mineral, and as this becomes suf- 
Hciently important to distinguish the rocks, the necessity arises of 
adding a qualifying mineral name to the term keratophyre. The 
keratophyra on tlu* boiiier of Portions and 36, Loomberah, is 
one of these containing the least amount of minerals other than 
albite. It consists of minute laths of albite In pilotaxitic to trucli>- 
tic grouudmasb, m which a few small pheuocrysts of albiicHnag- 
iietito and clilorito uppai-cntly replace augito. The felspars of the 
gtxmiidniaHH are also associated with a very small amount of inter¬ 
stitial quartz, and there appears to be a small intergrowth of the 
felspar-luths with quartz, forming little irregularly-shaped p 4 itehcs 
with the same optical orientation throughout. The grumidinaHS is 
cut by a lea Hiie-graiiied veins of clear albite. The most felspathic 
of the keratophyres associated with the Neminglia Ue<l Breccia 
(No. 1123)IS a highly porphyritic rock with phenocrysts of pli^io- 
clase, now albite, with a large amount of calcite, a little perfectly 
fresh uugite, and a few large grains of magnetite lying in a 
grouiidtiiassof very finely trachytic felsi^ar, dotted with magnetite 
dust and eoiitaiiiing a veiy little interstitial quartz. Finely divided 
calcite is also distributed in cloudy masses throughout the rock, 
which has evidently been greatly affected by carbonating solutions. 
No. 1413, from near the head of Bog Hole Gully, indicates the most 
felspathic member of the group of ferruginous keratophyres, 
recalling the featnreH of the brecciated keratophyres from Hyde’s 
Ci*eek (No.l296, described in an earlier paper; d, p.l51), though 
tho nodular structui*e is not so well developed. It comes from 
near the southern end of the eastern mass of keratophyre. The 
more ferruginous types of this series are considerefl below. 

Quartz-keraiophyres are more numerous. Some, such as No. 
1434 from the mass of keratophyre oast of Black Jack, contain 
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small phonocrystH of albiio in a liaso of nut very fine graiiihize. 
This is spungy in tcAture, fonsisting of luttm of ulbite^ with a small 
innount of magnetite-dust; ruther larger, well formed laths lie in 
tlie mass of inierolites, tugethcr witli large groins uf quartz ufteu 
with chaleedonic margins. Exactly similar rocks ha\e been 
described from Pipeclay Ctwk, a mile and a half fnrtlier to liie 
south-east along the same band uf roek(5, pp.l5r)-G). Another 
type of (juarU-kerutophyre occurs in the creek in the Water 
Ueserve between Portions 51 and 5*3. This is exeinplitied by 
speeiiueiib Nos. 1388 and 1121. The former contains quartz, form¬ 
ing a general groundinass, in wdiich arc laths of albite with n 
general trachytic urruiTgemeiit^ sometimes less abundant than tlie 
cluartz, blit generally inoro so. Scattered about is chlorite (ivplac- 
ing augite), and crystals of inagiietito. Lines of shearing traverse* 
the rock, and the inagnetitc is often congregated in these. 

As a final example of siliceous kerutophyres, we may instance 
No. 14H4, from tlie extreme southern mid of the eastern mass of 
keratophyre. This is a very fine-grained ruck, crushed slightly 
and intersected by veins of quartz, often very narmw. 'J'he ground- 
mass consists of irrogular patches of minutely granular, untwiniied 
grains of felspar, in which are cinbcdtic<l innumerable minute laths 
of acid plagioclase with a more or less irmdiytic aiTangemciit; 
between these is a small amount of finely divided magnetite-dust, 
and small iiTegnlar grains of quartz occur among this. Tliere are 
phenocrysts of albite, and a few iiTegttlar patches of chlorite. Thu 
magnetite also occurs in the lines of crushing, being evidently 
introduced secondarily. 

The mafjfietitr-keraiophifreH may be milidixided into those which 
contain quartz, and those which do not. We will consider the latter 
flrot. Near the head of Bog Hole Creek, in the south-easiem end 
of Portion 37, is a small mass of Inematitic iron-ore, and by it is a 
very hsmatitic keratophyre (No. 1427), which consists of fine¬ 
grained, trachytic albite-laUm, with small phenocryst-laths 0*5 mm. 
in length, densely impregnated with more or leas oxidised mag¬ 
netite. The rocks contain angular patches of trachytic kerato¬ 
phyre, almost free from iron-ore. The latter is aggregated in the 



BY W. N. BBNHON. 


373 


(‘luekh. Analuguus sjJutiuKMth orvnv dscw lierts generally nut so 
uAidised. 

Tlio (*oin|>le\ ul iiiiigiielile-keriilu|iliyreh at tlic head ui Hug iiulo 
Gully, cuntaiuH tliu Huinu variety ujf rocka aa duoN that iioar Hy<]e’h 
Creek, previuualy deHcrilMnl (S, pp. 130-134). ^iKliilar kerato- 
phyres urour (No. 1*110), in wUivU the roek to made up of irog- 
menlh of trueliytie keralu])liyre, \eiy onru'lied in nmgnetite in the 
oentre ul* eueh fragment, liut Iree from it at the margin Between 
thefragmeiilH aits ntriiigB ot‘ more coai'sely crystalline keratophyre 
and ealeite, apparently intruduecd at llie Kiinie time ns the second¬ 
ary magnetite, t.e., during or imniediatoly after the brecciation. 
Thecalcito is thus to becoasideml as derived from the magmatic 
bulutiuns. In anutluM* example (No. 1420), the uiugnetile-korato- 
pliyit) is aniygdaloidal, the vesicles containing calcite or (piarts,aiid 
deep gitsen epidotc, and occasionally largo gmiiis of magnetite. 
The magnetite is rather unevenly distributed, but, in ilie irregii- 
lurly houndud regions in which there is very little finely divided 
mugnetitei there is a roughly proportional amount of large ragged 
%'g^fegates of magnetite, sometimes surromided by cah*ite, and in 
particular, the magnetite is aggregated into eruviecs aud arouinl 
the vesicles as descrilied fixmi Macllv eon's complex (6, p.GOO). 
Abbociuted with this .same complex, m the quarUdicaring kcnitu- 
phyre very poor in magnetite (No. 1413) dchcrihcd abo\e. 

The QuartZ'twiyneiite-kenUophyres are of several types. The 
most conimon is exemplified by specunons from the Water 
Reserve, between Portions 51 and 32, by one (No. 1117) from 
near the Jasper Knob in Portion 55, and by No. 1401, in Portions 
35, 30. All these rocks are \esieular, the vesicles being llllcd 
usually with fj[uartx and clialcedotiy, tugetlier with a little opidote 
and occasionally felspar, llarely, they are filled witli chlorite and 
quartz. The groundmass of the rock consists of a spongy mass of 
laths of acid {ilagiocdose with interstitial quartz, dotted with 
minute crystals of magnetite. The phenocrysts slvc albite sonie- 
times undergoing replacement by quartz, magtfetite, rarely augite 
(No. 1401). A frequent feature occurs around the margin of the 
vesicles or in large irregular cracks. The spongy texture of the 



374 aRKAT SKAPKNTINE BELT OF NEW SOUTH WALES, vii., 

groundmass here becomes exceedingly minute in graiusize, and 
\tTy dark with finely divided magnetite. The groundmass is a 
luusuic of minute interlocking grains of quartz, if felspar be 
present, it is entirely untwinned, and the abundance of the mag¬ 
netite prevents its recognition by the brighMine method. The 
distribution of lath-shaped areas in the ro<;k free from magnetite, 
which were doubtless originally felspar, indicates a geueml poorly 
developed trachyiic structure. Large aims rich in magnetite 
appear to replace pyroxene-pheuocrysts, and, in addition, tliere 
ai*e ahiuidant phenocrysts of albite. This rock is possibly an 
altered form of an augite-porphyrite. 

The group of the ^iIuified-Nodular or Blotched Keratvph^reB 
comprises a series of very remarkable rocks occurnug in the 
southern end of tlie eastern zone of keratophyre. In hanc1-8pe<*i- 
men, tliey are very flne-grainod or aplianitic gimn nicks with 
masses of silica, weathering out into lieads set irregularly or in 
long rows as in spheruhtie rhyolite, or covering the whole surface 
of the r<H>k with a network-pattern of cracks weathered out betw^eeii 
more resistant silicified ]>atches. Microscopically, the rock, in its 
unaltered state, would be classed among the more basic pyroxenic 
kcratopbyres. It Ims a tracliytic base of small laths of acid felspar, 
with ail abundance of chlorite pseudomorplis after granular angiie, 
and scattei*ed snial] grains of magnetite. In this base are pheno- 
crysts of albite, sometimes arranged in groups (the glotnem- 
porphyritio structure), a few irregular masses of chlorite, which 
possibly rapresent original pyroxeue-pheiiocrysts, and some small 
phcnocrysts or aggregates of magnetite. Well defined prisms of 
apatite often appear in tlie vicinity of the phenocrysts. Tlie 
resistant portions of the rat*k prove to be rounded or irregular 
regions in which the pyroxene has been completely removed, and 
the felspar-laths remain apparently unaltered, lying in a matrix of 
quartz which is in optical continuity over an irregularly bounded 
area. Each resistant region or “pseudospherulite” may consist of 
several such areas of quartz. Where the rock is traversed by a 
Bmall vein of quartz cutting through one of these replacement- 
areas, the quartz in the matrix of the rock, on either side of the 
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vein, will often be in optical continuity witli that in the vein. 
Suineti 11168 , the rock cuntaiiiH only a few of Huch replaceuient- 
ai^ejut No.l4U8), which are generally rather sharply l>outideil, 
but, in other 8pociineiiu, the whole of the giMUiidiiiass is replactxl 
(No. 1425), and very little indeed of the coloured ooubtitueiits 
ix^inain. 

ill ad<hlioii to lliese \eiiih of quartz, there are ocM'Hsionally (c*g., 
in No. 1380) to be ibuiid veins Iciss than 05 nun. in diameter, which 
consist of a tinc-graiiied mosaic of water-tdear albite, which may be 
associated with a little calcite. 

The brevdated keraiophgree u Inch occur along the eastern mar¬ 
gin of the eastern korulophyre zone, ha>e already been sutliciently 
dcsciibed (see p.344). 

No further remarks need be added to the description of the 
Devonian pyroclastic rocks given in previous papers. A number 
ol* peculiar forms of altoraiioii of the roek-fragments in the 
Nemingha Red Breccia have been noted, but the general conditions 
attending the development of that formation now sufficiently 
well established, and these details are merely confirmatory. 

NoTKH on tub JjOOMUKUAU Fo8SI1,H. 

As pointed out nl)o\e, the fauna of the ijooiiiberuh Imichlone has 
lieeii found by Mr* W. S. Dun to contain u iininbcr of new and 
interesting forms, coiicerniiig wliich he has kindly cuiitributed the 
following valuable notes, and to these ai*e lulded fuidhur mnarks 
by the present author, wliich ai*e placed between brackets:— 

‘‘This limestone is, in most cases, of detrital origin, and, especi¬ 
ally in the case of the Rugose Coraia, the preservation is so unsatis¬ 
factory tliat, although many of the forms are new, the specimens 
are so imperfect, that it is impossible to obtain sutllcieiit evidence 
to make the diagnosis proper to a new species/’ 

**Zaphre»iiit, sp. iiid.--One specimen. The transxerse so(*tioii 
show's (11 septa, with a dense pseudueolumella, and limited stereo- 
plasma. (See Plate xxxv., fig.6.) The longitudinal section sliuws 
very irregularly placed tabulm strongly concave.” 

**^aphrefUUt (1)8p.—A single specimen of a very interesting 
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ZupJirciitoid rorul. It is .simplo, with ii (liauipU*r of 13 initi. There 
are 38 t<epln, witli llii<*k soplal walls. Tlio rostin are very i)ro- 
noiinetMj, projectiiij^ for (ilK>ut 2 tntn 'Phe liases of the sepia are 
thick for a limited distance, the ^rmtcr c^xUMii hein^ free from 
sterooplnsinii, llncliuitc, and not (|uilc rcmdniij; to the centre. This 
is a must distinct form, and may constitiitr a new Nubgeuus of 
Zaphi'entis, but the material available is tmi limited to enable a 
satiHlnctory diapiosis to ]»c drawn up.” {See l*lute \x.\iv., 1, 

and Texl-Hjr. .3.) 



Text-fin, 3. 

TianHverHC and oblique HeofioiiH of 8|),uuv.(?Bubgcn.iiuv.), ( x 4), 

f^mliorali binieBtouu. 

sp.iiid.—A large, siinplo typo, tho transverse 
section only lieiug available. Diameter, 16*5mni. Thesepta have 
limited stereoplosnui, and there are 58, comprised in two cycles. 
Tlievsliorter septa are irregular in length, and frequently onasto- 
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inofle with the primaries. The riiasepimenUil strvictuiVH aiv limitini 
in iiumher and inv^uliir To\t-fi!^.4). There is no Au.siralian 
Cyatliophylloid ot‘ tliis typo liitherto described. 'J1u‘ spivihe 
uharactcrs aiv the sparse de¬ 
velopment of dissepimenta) 
tissue, thi* steroplosmic layer 
on all septa l>ein;^ devolopocl 
t4) a rather abnormal extent.’* 


*^SjHmijiophi/ninn, (?) sp.nov. 

All aberrant type of Spon 
tjopht/fftnu, in which the 
Htructum of the* oorallitcvwall 
is mask(XI, its place lieiu^ 
taken by dense vesicular tis¬ 
sue. (Mec‘ PI. xxx\fi^s.2 and 
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Toxt-flg.4. 

riiMiwornf Motion of Of/aihoplijiHiim sp. 
:l. ami 'I’lic Hfpta Lin.«<t<.ni*. 

are moiv insrsistent than in 

other Australian Hpon^ophyllouls, and, in most crises, spring from 
the replawnl wall, them a space of alMuit 5mm. of vesicular 

tissue sepnrntin^ the septal ends ot ndjoiniU}; eorallitc^. Dissepi- 
iiieiilal tissues are ileiiac, and the \esa*les are small. The septa in 
the central area are 134-iiO m tiumlicr. To the naked eye, tins 
mniarkable coral has the j^eiieral ap})earanco of a PhiNr/mtmh'tm 
hut, under tlie lens, the septa are seen to be non-conllueiil. The 
absence of a tnu' wall may not necessanly seimrato it from the 
Spon^ophyllums, ns specimens of the typical S. hi partita from tlie 
Silurian of Yass, have, in some cases, a portion of the eorallite- 
wnll undeveloped. It is even possible that this may represent a 
sla^e between Spotnpiphyllum (sensu stricto), nnd EmlophyllumJ* 
(A mcent statement by Dr. S. Smith appears to illustrate this 
remark(91)—*'Among the Rugose colonial corals there are cer¬ 
tain genera, or certain species within a genus, in which the coral- 
liten have lost their epitheca, and are united by their dissepimentnl 
tiasne. The septa of ad.ja^*ent eorallites in the aatriDiform colony 
tend to become eonliuent, but all stages of this development, from 
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tliat in whicli it ih incipient to that of perfect confluence, are to be 
found. Ill sonic cases, on the other iiand, the septa of one corallite 
do not extend to tliose of another, and leave an intervening space 



Text-fig. A. 

Transverae wotion of Hpcnigophylhm sp,nov., ( x 4), Loomberah limestone. 

to the solo (M*oupation of the dissepiments. Astrniform colonies 
make their appearance in widely divergent stocks, and at different 
f>eriods of time; being, it would seem, the ultimate terms in a pro¬ 
gressive development along a well-defined line.”] 
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(jrandiH^ sp.nov.—A vfiy large ty|)e of Phillips 
nastnm^ the centre of the eomllitoH l)eing 2 cm. apiut” [2*fl, 1’7, 
and 1 ‘6 cm. in tliree luljacent eoralliten in the Bpeciiiieii illus' 
rrated iii J^late xxxv., figs. 4 and T).] “The septa are variable in 
length and nnmher; there are 23-28 of the longer, and the Bhorter 
reach to the limit of the central area. Tliis Hpeeies is quite distinct 
from liny of the Australian forms 1 have setMi, and no closely allied 
species from extra-Australian regions are known to me.'* [There 
is a .Species, P, /yoyos, occurring in the Lower and Upper Middle 
Fh^vonian beds of North America, Onondaga and Hamilton Heriea, 
in which the centres of adjacent corallites are more than 2 cm. 
apart(22); hut further details concerning this form are not avail- 
able here. ecriAC«77u, which waa i^ecogiiised by DeKoninck(9) 
JM a specmieii olitained hy the Rev. \V. H. Clarke, from Cojic’s 
Gully, near Hanging Rook, had fix>m 28-32 septa, and the centres 
of the iid.jnceiit corallites are 10-12 mm. apart. It is extremely 
prohnhio that tliis form came from a development of the r»om- 
Ikm'uIi limestime near the head of (Nqm’.s (Voek, just outside the 
limits of the area niniipoil iu Plate xxxii.] 
rosUen tfttthImifltru.** 

“/•Virosiyes, sp. nid. (sp. riov.f),— Transverst* sections of one 
specimen only are available. This form is distinct from any of the 
types of the Australian Devonian riK'ks, and is i^markable for the 
very irregular form of th® corallites. (S^e Plato xxxv„ flg.7). 
Additional material will prtdiably prove it to be n new species.” 

[In atidition to the forms recognised by Mr. Dun, mention may 
be made of a very interesting slide, which, unfortunately, has been 
mislaid, and cannot here be figured. Tt was cut from a form, 
apparently F, gothlandica, but in which the wide spacing of the 
tnbnlie was replaced for n distance of about fi mm., by closely 
packed tahulie, as near together as in F, mnUHabulata. Tlie 
change oceurred (piite sharply on one side, and more gradually on 
the other, and at the same level in adjacent coralKtes, as if brought 
out by a rapid change and slower reversion in tlie local conditions.] 

^^Plamnopora sp.—A single specimen of a small Platnnapora is 
contained in the collection. Tt is quite indeterminable specifi- 
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cally, though distinct fitnn forms in the Ncmingha timestoiie, and 
tlm Murrumbidgce Ijeds.” 

ptyrona. —^This occurs in numerous large masses, the 
exact shape of which is lu^t apparent. Measurements of tht* 
diincnsiotiH of the parts of the form agiTe exactly with those* 
given hy Mr. Ktheridge for corals of this species in tlie Ihiiestoiu* 
of Moon* Creek (28). 

Ht^Vi/omiis^ sp.riov., Chapman.—An account of this 
form is given in Mr. Chapman’s intemsting note in the second 
appendix to this paper. While lu* rc*fers to the rarity with which 
it occurs out of the CarlymifeiDus system, it is interesting to 
note that De Knninck I'emarks that the specimen of Campo- 
pkyUam received by him fn>m Quadong was enveloped 

in a mass of some sixe of Ouffeten (9, 

“nu* Htromatopomids, which form the Vwwt index of the age 
i»f the I^Kunbcuah limestone, are well preservwl. They are iv- 
prcsentoii by the forms hKimh*^m9iHy S, hpmoni, 

and ArfinoMfronm ansfrah^ all new forms, and an indc'tlnite spexfies. 
The appearance of these is distinctly Ih'vonian,'the forms closely 
res(*mb]ing typhally Middle Devonian Hfw*cu»N. As has Isjcn 
pointed out by Heinrich(84), the discrimination of the diflei'ent 
species of Htminatopoia is t!xti*einely difficult, and the final test 
is the conventional use of measurements of the interlaminar 
spaces, and the spacing of pillata. Numerous averages of inea- 
snreinents have been taken in the case of Professor Benson's 
sp(*c*iineiiK, and it is thought that the erection of new species is 
justified.” [As will be seen fn>in the photogiaphs in Plates 
xxxvi., xxxvii., and xxxviii., all enlarged two and a half diame¬ 
ters, and from macroscopic examination, the following appear to 
be the characteristics of these species: 

SU'fmatoptrrellfi ioambfrmms .—comosteum is roughly hemi¬ 
spherical, sometimes reaching as mueli as 20 cm. in diameter. It 
is divided into concentric latilamineB, about 3 mm. wide. The 
vertical section (Plate xxxvi.) shows that the laminic aie very 
definite and continuous, except for the occasional presence of 
crossing xooidal tubes. There are about sixteen laminn in the 
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space of a ceiitiniett'e. They at'e connected by cadial pillars, 
which extend perpendicularly across all the laminie making up a 
latilutniiia, and may continue even beyond these. These pillai« 
also lie about sixteen in the space of a centimetre. Occasionally, 
thetv ai*e Caunopora-tulx^s, one of which (appearing in figure 8) 
is about 3 mm. in greatest diameter. A tangential section shows 
the presence of astrorhizie. 

StrmnfUi^rfifla hmmnn (Plate xxxvii.).—The shape of the 
ccenostcum cannot at present lie stated. The latilaininie are less 
definitely marked than in the preceding species. The lamina* 
are so spaced that about fifty occur in a centimetre, while the 
radial pillars are also about the same distance apart. They con¬ 
tinue across several laminie, at times as many as thirty or foi*ty. 
The imi'i-uw, tabulate, zooidal tubes also continue across as many 
as ten lamina*, but are difficult to dislingiiish from the ordinary 
inter(>illHr spaces. Small astrorhizie are recognisable in the 
vertical section. The Caunopora-tubeB are abundant, and have 
a diameter of about 0*5 mm., and show infundibulifonri tabulie. 
This form appears to be similar in some resjiects to Paralklopora 
dttriiniyUmenfiM (Carter), from the Middle Devonian of Devon¬ 
shire. 

Both these forms of sliow a more definite net¬ 

work, and moi-e continuous radial pillars than the majority of 
the forms discussed by Nicholson (85). 

The coenosteutn of S, Unnnbm'ttninH is unusually large, and its 
laminte and pillars are unusually far apart; in S, hewfoni^ on the 
other hand, they appear to be closer together than is normal for 
the genus. In addition to the two forms mentioned, there is a 
large form apparently belonging to this genus, in which the pre¬ 
servation is less perfect. In this, the laminar and pillar-spacing 
is faither apart than in the case of S. loamberensM, there being 
about ten laminie and nine pillars in the space of a centimotro. 
Tlie pillars are apparently short. 

Actinogtroma awirafe (Plate xxxviii.) is characterised by well 
developed horizontal or slightly wavy laminn, with scarcely 
notiimble latilamination. The type-specimen is a flattish frag- 



382 (illKAT HKKPKNTINK UKI.T OF NKW 80UTI1 WALBH, vii., 

merit, ho that the £oriii of the cMuiioeteum in not ancertailiable. 
There are thirty-ei#{ht liuiiinfe in the space of a ceiitiineti*e, 
joined by pillars exU'tulini; acitiSH as many as fifty laminie, in 
some iiiNtanceH. The laininie and pillars together form a recti- 
linear mcHliwork. There ai*e about thirty-five pillars in a centi¬ 
metre. No Kooidal tubes ara recognisable, but there are numer¬ 
ous Caunopora-tubes, about 0*25 mm. in diameter, with infuti- 
dibuHform tabulte. This form is extiviiiely like A. 

Nich., and especially that variety of the sjiecies which occuin in 
the Middle IDcvonian rocks of Oermany. This latter species has 
also Ixieii recognised by Pnifessor Nicholson in the l;>evonian 
rocks of Western Australia. Until the publication of his Mono¬ 
graph ( 25 ), it was usually considered to be Si7tnnatvp(trtt fo/nwf- 
Irica Goldfuss. The specimen hei*e described as A, atMtm/** may 
come from the lioomberah limestone, but it is more probable that 
it was found in Portion 1(13 of the Parish of Nemingha, ** Hmlte’s 
Freehold,” in the Nemingha limestone.] 
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K.XPLANATION OF PLATKS XXXI.-XXXVIIL 

Plate XXXI. 

TopoRi'aphi(*al Map of t\w lAKunlwiah IRstrict. 

Plate xxxii. 

<ien1oKical Map of the Loomberah Distriot. 

Plate xxxiii. 

Pillow-lavas exposed in the roa<l-ciitting by the Loomberah Brid>{e, eleven 
miles south-east of Tamworth. 

Plate xxxiv. 

Fig.l,—Section of the Loomberah Limestone, showing its fragmental 
obaraoter; and ti'ansverse sections of ZaphrmtU^ sp.nov., (fsubgen. 
nov.), Z, Treptostomatous Hryoeoans, B, valves of P, 

and indeterminate fragments; ( x 6/2). 
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Fig.*i.—TratiHverBe section of Sfionffopiiyffum, (?)f<p,nov., fhiin the Looni' 
berah Limeiitoiie; ( x 

Fig..S.—Longitudinal fieotion of Bp.nuv.; (x Sf2). 

Plate xxxv» 

Fig.4.^Approximately longitudinal seotion of PhiftipmiMtrfra t/mndiit, sp, 
nov., Dun; ( x 3/2); lioomlierah Limestone. 

Fig. 5.—Transverse seotion of /\ sp.nov,; ( x3A2)* 

Fig. 6 .—Transverse section of ^Caj^rentif, sp.ind.; (x3/2); Loomberah 
Limeatune. 

Fig.7.—Transverse nection of Fatsun'ttit, sp.nov.; { x 3/2); Ijoomlterah Lime* 
stone. 

Plate xxxvi. 

Fig. 8 .— Sironuitaiwrdla /oo 7 ny>emMts, 8 p.nov., Dun; vertical section; ( x 5/2). 

Fig.O.— 8, looiJuJtitrtmiit transverse and partially tangential seotion showing 
astrorhixie; (x 5/2), 

Both from the Loomberah Limestone. 

Plate xxxvii. 

Figs.iO*II.'--d'iKtxwia^opoiie//a 6 e?M 0 iii, sp.nov., Dun; transverse seotions 
showing Caunopora-tubes; ( x 5/2). 

Plate xxxviii. 

Fig, 12 .—Ac^'ffos^roffvt aiw/m/e, Bp.nov., Dun; transverse and partially 
tangential seotion showing Caunopora-tubes; (x 5/2). 

Pig,18.-A. atM^ra/e, vertical seotion; (x 5/2). Probably from the Nemin- 
gha Limestone. 



386 


Appendix t. 

Orvonian Foraminifkra ; Tam worth District, New South 

Walks. 

By Frbdk. Chapman, A.L.S., F.R.M.S., Palseontologist to the 
National Museum, Melbourne. 

(Plates xxxix.-xli.) 

Inirodnctiou, 

At the request of Dr. W, N. Benson, B.A , F.G.S., I am giving 
the details of foraminiferal evidence which I noticed whilst 
examining some micrO'Sections of limestone from the Nemingha 
horizon of the Tamworth Series The method of studying fora- 
ininifera from rock'Sliees, without accompanying specimens show¬ 
ing the exterior of the test, is not entirely satisfactory, hut the 
fact that these organisms arc of Devonian ago is, in itself, of 
sufficient importance to merit a record of the occurrence, fora- 
minifera being extremely rare in Devonian faunas. 

7'Ae Uoek-Hirnciur^ and iU Straiiyraphxcal Association, 

The foraminifera under notice occur in a well-developed oolitic 
limestone in which granules form a little more than half the 
hulk of the rock. The granules vary in diameter from 0*46 to 
0*7 mm., and only a small proportion are entirely due to oolitic 
accretion; whether originally of algal origin or not it is impos¬ 
sible to say, on account of their present mineralised condition. 
The nucleus of the oolite-grain in more than one case was seen 
to consist of an ossicle of a crinoid. The majority of the grains, 
however, are microgranulitic in structure, either in the nucleus, 
or more rarely throughout the entire granule. Certain of these, 
from their more irregular outline, and often without an external 
coat of concentric oolitic deposit^ led me to suspect their fora¬ 
miniferal relationship, which conclusion is home out by further 
study of the specimens. Some of the perfectly spherical grains 

SIS 
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are, I feel convinced, of a radiolarian nature, and here and there 
one can detect a central sphere. There is a fair amount of iron- 
staining in the rock structure, which seems to be entirely 
secondary, as the stain is developed more strongly along incipient 
fracture-lines than in the grains themselves. 

From Dr. Benson’s work on the rocks of the Tamworth Dis¬ 
trict,* it is seen that the Nemingha horir.on can be correlated 
with the lower part of the Middle Devonian. 

Preriou9 Recordt of Devonitm Foraminifsja. 

In turning to consider the occurreiu^e of foraniinifera in other 
parts of the world, we find only one authentic record of these 
minute fossils, vi^.., that of Terqueni’s, who figured and described 
a few forms from the Middle Devonian of Paffrath in the Eifehf 
On p.417 of Terquem’s note, he states that the foramiiiifera were 
found in some sand contained in a il/^yo/oe/cn-shell. They wore 
in the condition of casts. The material was probably referable 
to foraminifera and ostracoda, but generally indeterminable. 
Some spheres covered with thick and sharply pointed spines lie 
referred to OrbuHna. These were very common, urul niGUKurod 
0*48 mm. in diameter A pyriform cast was referred toLayemi- 
Una (a subgenus of Lagena). A cristellarian was also noticed 
by Terquem, presenting the arrangement of chambers seen in 
CABUllaria miu9ta from the Lias. A fusiform cast was com¬ 
pared to and numerous globular casts, consisting of 

two or three chambers, were identified as Ohbigerina, Judging 
from my own observations of radiolarian structures in the 
Devonian of Silesia and Bavaria, I am inclined to think that 
Terquem^s prickly Orbulints may have more than a fancied re¬ 
lationship to the orbicular radiolarians. In connection with the 
present work, I have recently examined some disintegrated lime¬ 
stone from Faifrath, from shells in the National Museum, and 

* "The Oedogy and Petrology of the Great Serpentine Belt of New 
Sooth Wales. Party, The Geology of the Tamwoith Distriot." Proo. 
Unn. Boo. K. S. Wales, 1915, Vol. xl., Pt.3, pp.540-A24, Pis. xlix.-lvui. 

t Terquem, 0.—"Observation sur quelques fossiles des epoquee pri- 
matree." Bull. Boo. Geol. France, ser.8, Vol. vili., 1880, pp.414.418, 
PI. xi. 
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have succeeded in finding a small but representative series of 
foraniitiifera, radiolaria, and ristracoda which 1 hope to descnbe 
shortly. 

The only other allusion to Devonian foraminifera that I have 
so far come across, is that by E Wethcred, in his paper on the 
limestones of 8011 th Devon * In speaking of the organic con¬ 
stituents of the Oonxaiitt limestone (Upper Jlevonian) from a 
quariy at Whiteway Farm, near Chudleigh, Mr. Wethered says 
—'*The specimens collected as typical of this limestone show it to 
be quite different in structure from the beds l)eluw. There is a 
fine crystalline ground mass in which arc several fragmentary 
remains of orgatiisiiiH. One of these appears to be a foraminifer, 
and it is especially interesting as being the only one found in 
iny slides of the South Devon limestones. The Qoniatite lime¬ 
stone seems to have been formed by an accumulation of small 
shells, foraminifera, etc., which have lieen filled in with a tine 
calcareous mud.*’ Wethered docs not, however, refer the fora¬ 
minifer he saw to any particular genus. 

Dmwipixon of thf Foraminifera. 

Fhiij. ASTKOHHTZlDiK. 

Suhfrtiii. SACC’AMMININJC. 

Genus P s v m m o h p n .« u a Schulze, 

PsAMMOHPH.KR\ .VKM[N(iU»NHiH, n.sp. (Plates xxxi\ , figs. 1-2; 
\l, fig. 10 ; xli., figh. 11 - 12 ). 

— Test rudely spherical to elongate flask shape. 
Wall e(Miif>ohcd of granular partieles neatly fitted together, form¬ 
ing one or two layers, and distinct from the large crystalline 
grains of the matrix more or less completely infilling the cavity 
of the test. Aperture's apparently between the components of 
the test-wall or, more rarely, as a slight protul)erarice on the 
surface. 

Diameter, circ. 0*4 to 0*75 inm. 

Oheerwiiong -The above form hu.s a certain resoiiiblauce to 

* **On the Microecopio Htruotnre and ReeidueH InooUible in Hydru- 
chlorio Acid in the Devonian Limestones of Hcmth Devon." Quart. Jouni. 
Geol. due., Vol. xlviti., 1SU2, pp.;m-387. * 
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S€keeammiruk^ but it never has the orifice so strQugly protuberant. 
Psammosphm'ay as a genus, has not been found in fossil deposits 
older than the Jurassic, from which system Dr Haeusler* has 
recorded the living species P. fu»ca Schulze The present 
species is less than half the size of the Jurassic and recent forms. 

tieminghmsu is by far the commonest foraminifer in the 
Nemingha limestone, representing about 90 per cent, of the 
entire foraminiferaJ remains 

Fam. TEXTULABITDiB. 

Oernih Valvulina dDrbigny. 

Valvuuna PLicATA, Brady. (Plate xxxix., figB.3, 4). 

Valvulimi plicaia Brady, 1873, Mem. Geol. Hiirv. Scotland, 
Expl. Sheet 23, pp.fiS, 96, etc.; Idem, Pal. Soc. Mon., Vol. xxx., 
1876, p.88, PI. iv, figs.lO, II. Chapman, 1907, ** Notes on 
Fossils from the Collie Coal-field,’’ Bull. Geol. Surv. W. Austr., 
No.27, p.l6, PI. ii„ fig8.l0a-e. 

ObaervationB* -Several specimens occur in the microscope- 
slides, which compare closely with Brady’s species from the 
Ijower and Upper Carboniferous Limestone of England apd 
Scotland, as well as in the FusuHtm-beds (Carboniferous) of Towa, 
U.8.A. The writer has described a diminutive specimen of the 
above species from the Carlx>pennian Sandstone associated with 
Olosaopteris leaves from Collie, W. Australia. 

An example occurs in one of the slides, which indicates a 
plastogamic union of two individuals, as frequently seen in Dn~ 
eorhiw^ Fa^inufttui, and other genera. 

Valvuuna bulloidks Brady. (Plate xxxix., figs.6, 6, 7). 

ValwluM huUaidBB Brady, 1876, Pal. Soc. Mon., Vol. xxx , 
p.89, PI. iv., fig8.12-16. Chapman and Howchiu, 1905, "Mon. 
Foram. Permo-Carbouiferoua Limestones of N. S. Wales,” Mem. 
Geol Surv. N. 8. Wales, Pal., No.14, p.13, PI. i., fig8.9a-c. 

-This species closely resembles a high and tumid 
OlMgerina^ but is easily distinguished by the open umbilical 
cavity on the lower surface, and the valvuline aperture. 

* Quart Jouru. Ueol. Soo., Vol. xxxix., 1888, p.96, PL ii., fig.l. 
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r. hnlloideB was previously coufined tu the Carboniferous and 
Carbuperinian. Dr. H. R. Brady records from the Fnmlina-h&lH 
of the Upper CoabMeasures of North America, the Caleaire de 
Naiuur of Belgium, and tlie Fusuliiia*Limestone c»f MiatschkoAo, 
near Moscow. The same species was described by Mr. Uowchin 
and the writer from the Carbopermian limestone (Branxton Stage 
of the Upper Marine Series), of Wollongong, N. S. Wales 

Not uncommon in the Nemingha Limestone. 

Valvulina oblonha, sp.iiov. (Plate xl., fig.8). 

Description, —Several examples of an elongated ialvuline type 
occur in tlic slides. They remind one of a sliort, stout Haplo- 
phragmtum^ or the fAiwla nauiiloidea Lam., figured by Dr. Brady 
from tlic Carboniferous of Northumberland,* but show the de¬ 
pressed base and characteristic aperture of these Devonian and 
Carboniferous modifications of VaXvulina. 

The longer diameter of a fairly complete specimen in section 
is 1 mill.; the shorter diameter, 0*65 mm. 

PuiiVlNULINA BKNHONI, sp.iiov. (Plate xK, fig.9). 

Descf'iption ,—This species differs from tin* majority of tlie lesL- 
sectious in the micro-slides of the Nemingha limestone in having 
a finely granulate shell-wali, whicli may, at one time, have been 
of by aline structure. The section Agured sliows a certain amount 
of depth, although sliced, and indicates a pulvinuliiie type of 
shell with few, lobulale cliambers, and u wavy, peripheral margin. 
It was probably depressed on the superior face, and slightly 
colloidal on the inferior. 

The nearest Palaeozoic form to this seems to lie P. brotxkijana 
J3rady,t from the CarlioniferouB Limestone of Namur, Belgium, 
but differs essentially in its rounder outline and loss inflated 
chaiiibera. It belongs to the Puhinulina etegann group, and, 
from its size and contour, indicates a shallow-water variant of 
that type of shell. 


* Pal. 8oo. Mon., Vol. xxx., 1870» p.63, PI. viii., flgR.7a, K 
t Pal. 8oo. Moil., Vol. xxx., 1878, p.l40, PI. vi., 
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Summary* 

The components of the Nemingha limestone appear to be 
largely foraminiferal, comprising, so far as the evidence from 
microscope rock-^tions shows, an abundant species of Ftammo- 
Bphmra — P* unminyhtnBXBi and the following more or less sparsely 
represented—rofeiiZtna flicala Brady. F. huUoideB Brady, and 
V. o6/o7cya, sp.nov.; whilst Pid-vinulina appeals to be present in 
/^ Asntfont, sp.nov. 

The genus Piamnwaphara is more at home in deep rather than 
in shallow water, though it has been found in depths as little as 
45 fathoms. The other genera indicate a fairly shallow-water 
habitat. 

One special point of interest stands out conspicuously in the 
foraminifera of this limestone, viz., the rather strong resemblance 
uf the rara Devonian foraininiferal fauna to the Carbonifei'ous 
and higher beds of the Palwozoic. 

Iladiolaria seem to form a considerable proportion of the 
granules in Uie Nemingha limestone, but their* mineraliscrl con> 
dition precludes any reference to definite genera. 

As regards the probable depth at which the nnsk was formed, 
one might reasonably assume it to bo of moderately deep water 
origin from the occurrence of Paammoaphma and the radiola- 
rians. On the other hand, <»olitic grains are indicative of quite 
shallow-water areas, though this latter constituent is by no means 
predominant, and may not materially affect the above conclusiun. 
The genera) condition of deposition must have lieeii such as 
would obtain in a moderately deep inland gulf with quiet sedi¬ 
mentation and accumulation of uoze^forniing organisms; and it 
is just possible that the oolite-grains may have l>eou blown into 
the area of deposition from dunes of shore-sand origin in the 
vicinity. 

In conclusion, J would tender my sincera thanks to Dr. Benson 
for giving me the opportunity of examining this interesting lime¬ 
stone, and facilitating this attempt to descril)e a unique faumila 
by furnishing the microscope-preparations. 
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KXPI-ANATION OF 1»LATKS XXXIX. XU 

Plate xxxix* 

Ti^A, '^Piiammo»phtnu ap.nuv. Sootion tlirough t4*8t nhow' 

ing Hhell-wall and introverted aperture. 

Fig.*2,~ vemt Hp,nov. Seetion Rhowing interior t)ilokened with 
serotirlary ralcitin depoRit. 

Fig.:t.-- Vnhu/nm jiiirata Brody. Sertion thituigh and a little above the 
I Mine 

Fig.4.-*I'. idtrnia Brody. Two teMH, pnilmbly in ploRtoganiiu union. 

Fig.o — r huflolfJeM Brady. Flat toned and alinoHt complete test. 

Fig.O,' \\ hu/foiden Hr(u\y, Median Moot ion. 

Fig 7. — r. Mtoifhti Hmdy. Nearly enmplete tent. 

All figuroH magnified diariiH. 

i'late xl. 

Fig.H.— Vutrn/tna niilowja^ Hp.nov. BohiiI section; ( x .V2). 

Fig.St—/*»/<’/«»//MO Hp.nov. Alnumt complete lewt; ( x ,V2). 

Fig. 10—Section tlimugh nhoMiuyi relative 

thickness of tcHtj ( ^ 144). 

Plate xli. 

Fig. 11,—Seed 1011 ot Neiiiirigha hiiiesioiie uitliiMdite-graiiis, PmmmoM/thttixi, 
and (‘^liwliolurian; I x 2N). 

Fig. Pi.—Ditto, with uuhte-graiiiM and I*munmOitphara\ [ x2H). 
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Appendix ii. 

Notr on a nkw Bprcibh of Chastetkh. 

liv Phrok. Chapman, A.L.8., P.R,M.8,, Palieontolo/ifist to the 
‘ National Museum, .Melbourne. 

(Plate xlii.) 

Infrodtictum, 

The genus ChfpUUa^ founded by Fischer in 1837/ is almost 
entii*ely confined to the Carboniferous. Nicholson, in his 

Tabulate Corals of the Palaeozoic Period,bays *‘Tho species 
of ChiHetes as here defined, are not known to occur out of the 
Carboniferous (and possibly the Devonian) rocks,’' but he does 
not specify any occurrence from the latter system. Zitte) states 
that the genus is also found in the Lias and Upper Jurassic.]; 

It is, therefore, deeply interesting to find an Australian species 
of the C*. radiana typo in the f^oomlterah Limestone,which, if 
Dr. Benson’s final conclusions bear out his preliminary investi¬ 
gations, lielongs to the upper part of the Middle Devonian. The 
peculiar habit of the corallites in this genus, in showing partial 
fission of some of the calices by imperfect partitions which are 
tooth-like projections in horizontal section, is well shown in the 
present species. Further, it is important to note that onr species 
shows the presence of a dark line in the septal wall, notwith¬ 
standing its supposed absence from that of C. radiam,\\ 

* Oryot, de Gouv. de Moiiouu, p. 159. 
t London, 1879, p.286. 

X Su Zittel, Traits de Pol^ntologie, 1883, Vol. i., Pt. i., p.923. Also 
Eastman-Zittel, Text-book of Paleontology, Yol. i., 1913, p.llH. 
g See Proo. Linn. Soo. N. S. Wales, 1915, xL, Pt.3, pp.546, 549, and 559. 

II Baatman-Zittel says (cyo. eif,, pp. 117)Walla thoroughly amalga¬ 
mated, common to adjacent corallites. ” Nicholson Kop» e*7., p.26d) says 
** Rough fractures (generally, but not always) expose the interior of tlie 
tubes; and thin sections, whether transverse or longitudinal, show that 
Uie walls of contiguous corallites are entirely and undistinguishably amal¬ 
gamated or fused with one another, tlie originally duplex character of the 
partition between neighbouring corallites being in no case recognisable/' 
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Chatrtrb 8TRUJPOKMI8, sp.nov. (Plate xlii., figs. 1*3). 

—Corallum massive, inoderately large. Coral)ites 
iTowded, slender, and gently curved. In cross-section roundly 
polygonal and occasionally ehnigated, averaging about 0*5 mm. 
in diameter; with one to four, but generally three, blunt peg¬ 
like teeth projecting into the cavity, representing imperfect 
fission of the calices by longitudinal partitions on the calicular 
wall Tabula; well developed, from 0*5 mm. to I*5 mm. apart, 
sometimes in continuous planes across the coral lum, but often 
more irregular and strongly curved. Unlike other species of 
ChmleteB^ a fine but distinct dark line is seen dividing the walls 
of the cells (see remarks an/ea). 

Obsen^valwuH, This coral is of the type of the abundatitly dis¬ 
tributed Chmletes radians Fischer, from the Lower Carboniferous 
of Kussia, England, and elsewhere,^ but is distinct in many 
points, as tn the more roundly polygonal calicos, the more 
numerous longitudinal partitions appearing as projecting tooth¬ 
like processes in cross-section, and in the strong fusion-points 
where calice-wall and tabuloe meet. Tn longitudinal section, this 
latter feature is very marked, and, at the point of junction, forms 
a stout cross with pointed arms. 

tiepresmSf Fleming sp.,t is characterised by much 
smaller calicos, measuring 0*2 mm. to 0*26 mni., or about 
one-half the diameter of C. sfelli/urmis. The diameter' of the 
calices in C, I'adiansy on the other hand, is practically the same 
as that in C. stelliformisy viz., about 0*5 mm. Tn the excellent 
figures of C, radia^ia given by Dr. Nicholson in his Tabulate 
Corals,”! those of the Russian Carboniferous specimens show a 
much thicker calicular wall than in V, stelliformisy whilst the 

* Oryot, de Gouv. do Mosoou, 1837, p.l60. PI. \xxvi., 6g.6. 8ee also 
Lonsdolev in Murchison, Verneuil and Keyserliiig, Geol. Kussia in 
Burope, Vol. i., 1845, p.505, PI. A, fig.0. 

t Favosttes deprtssus Fleming, Brit. Anim., 1828, p.529. J>\ eapUifvrU 

John PhilUps, Geol. Yorkshire, *2nd Pt., 1836, p.200, PI. iii., flgB.3-5. 
Alvtoliiss (UprtMa Fleming sp., Kdwards and Haime, Mon. Brit. Foss. 
Corah, Pt, til.; Mon. Pal. Soo., 1852, p.l58. PI. xlv., flgH.4, 4a. 

X Supra eU,, PI. xii., figs.4, 4a-d. 


29 
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tabulc are remarkably regular and horizontal, as distinguished 
from the irregular and strongly curved tabulsa in the Austialian 
Devonian species. On the same Plate, Nicholson has figured 
(fig. 4c,d) sections of a coral from the Carboniferous of Shap, 
Westmoreland, which he refers to C. radtans, and which ap¬ 
proaches the Australian species in its thin walls and more con¬ 
spicuous projections. 

EXPLANATION OF PLATE XLII. 

Chaeltiti^ sp.nov. 

Fig. 1. ^Exterior of fraotursd lurfaoe of speoimen, showing small size of 
ooralUtes, tlieir gently curved habit and interrupted platforms of 
tabulie; If nat. size. 

Plg.2.^Transvenie section of oorallum, showing strong development ot 
partitions and oooasional fission of oorallltes; (x 16). 
Fig.3.--Longitudinal section, showing complex nature of wall, curved 
tabule and longitudinal partitions; (x 16). 
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STUDIES IN AUSTRALIAN MECOPTBRA. 

No. ii. Thk Wing-^vbnation of CnoHiaTA austraus Klug, 

By R. J. Tillyard, M.A., D.Sc., F.L.S., F.E.S., Linnran 
Macleay Fellow of the Society in Zoo loot. 

(Plate xliii*; and four Text-figures). 

In collecting the evidence i*equired for iny work upon the 
Panorpoid Complex, it was found necessary to examine the pupal 
traeheation of examples of all the Orders there studied. The 
only Order in which this had not yet been done (for at least one 
example of the Order) was the Mecoptera; in which so little is 
known of the life-histories, that it appears that only two observers, 
Hrauer in Austria and Miyake in Japan, have ever succeeded 
in following up the complete life-histoiy of any single species. 
Neither of these authors was seized with the importance of 
making a study of the pupal wing-tracheation, although it is 
evident that the opportunity was offeiHxl to both of them.* The 
work of both was carried out upon the genus Pawn*pa^ which is 
abundant enough in the Northern Hemisphere, but does not 
occur in Australia. 

It was therefoi'e necessaiy for me to set about the discovery 
of the pupa of some Australian representative of the Order. The 
only species that is at all common round Sydney is Harpobittaeug 
tiUyardi Esb -Pet. But this belongs to a family that is, in many 
ways, the most highly specialised of all the Mecoptera; whereas, 
for ray purposes, it was clear that an archaic representative of 
the Order was to be preferi«d. I therefore decided to follow up 
the life-history of the rare ChorlAta anstndiA Klug, of which I 

* Braoer^s work ws« done long before the Oomitook-Needham Theory ol 
Venation saw the light. Miyake’s work is of recent date, but its objective 
was not venationai, and the pupal wings were not examined. 
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hod obtained only about ee^von speeimens in the course of as 
many years. 

Last year, 1 had the good fortune to And this rare spocios 
fairly commonly, for the first time since I had begun collecting 
insects around Sydney (about fourteen years). More fortunately 
still, the area in which they occurred was a very restricted one, 
only about a quarter of a mile fi*om my house at Hornsby. Tn 
this locality, T took, in the course of thrw* weeks’ collecting in 
April, 1917, nearly one hundred specimens of this species. 
Several of the females laid eggs, but unfortunately none of these 
wore fertile. I therefore watched carefully to see where the 
females appeared to bo ovipositing, and determiner] to select a 
small area where there would seem to bo a probability of finding 
the larvve in February and March of this year. 

As nothing is known of the life-history of this species, I worked 
upon the supposition that its larva would behave much as that 
of Pamyrpa; i.«., that it would become rapidly full-fed, and then 
burrow into the ground anrl remain there for the gi'eater part of 
the year, only pupating a week or two befoi*e the emergence of 
the imago. This supposition proved to be fairly correct. 
Digging and sifting of the soil in which the larva was expected 
to occur was begun in Februaiy and continued into March. The 
details of this arduous but interesting work are best left to he 
given in a full account of the life-history, which I hope to pub¬ 
lish later on. Meanwhile, it will be sufficient to say that, one 
day in March, freshly turned pupee were obtained, and that these 
were at once made use of for the purposes of this paper. 

Owing to the shape of the pupa, and the direction of the wing- 
sheaths, which ai« laid more parallel to the abdomen tlian is usual 
in pupn, it was not found practicable to use the method adopted 
previously in the case of Chryuopa. It was necessary to separate 
the wings from one another carefully, and to cut them off at their 
extreme bases with sharp scissors. As the wings are excessively 
delicate, this was not easy to do successfully. The photomicro¬ 
graphs obtained show how the delicate wings became creased 
near their middles, in the endeavour to separate the glued ex- 
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ti'eiintien; and also how, in the foirwni^, a portion of the fat 
Imcly, lodged in the extreriio ham of the \ving, got carrietl ovei- 
on to the Aving when the cover-slip was let tlowii upon it. Apart 
from this, the ivsults obtained were quite satisfactory. 

The Mecoptera are generally i^garded as being an exti*eniely 
archaic (linler of I imecU; and rightly so, for lK)th in their general 
structun* ami in their Palieoiitological recoL*d, the evidence tends 
to emphasise the fact that they are quite as old as any existing 
Holonietabola, if not older. Within the Oitler, the genus 
(Jkorittia is one of the must archaic types still extant and shows 
close relationsliip to forms found in the Permian. T was tliei*c- 
foi*e quite prcpai*od, and indeed expectant, to find a very primi¬ 
tive ami complete tracheatioiial development in the pupal wings 
of this insect; and I was relying upon this to solve certain 
problenih concerning the fusion of .some of the main veins near 
the base of the wing, which cannot l)c detenuiricxl with certainty 
from the imagitial venation. Hut the result obtained was quite 
difici'ent from what was expected; and, if there is any truth ut 
all ill the Comstock-Needham Theory of Wing-Venation, we must 
regal'd Vhon^ita os a very highly sjMicialised tyjje in this one par¬ 
ticular, if not ill any other. 

The facts iff the ease can be gathered veiy readily from a 
reference to the photomicrographs in Plate xliii., as well as the 
drawings in Text-fig. 1. Thei'n atv onft/ ftm mttin trachea- vntrr- 
the wiiuj-radivmbt. One of these lielongs to the costo-radiul 
group, and passes into the main stem of the radius. In the fore- 
' wing, after giving off a very short and slender branch to Hi, it 
passes on along the radial sector. At the forking of Ks into 
Hs I s and R 4 +S, it follows the upper branch, giving oil' a fairly 
strong brancb-trociiea along the lower. Arriving at the forking 
of from U^, it bends weakly down into the latter, and does not 
iw;h the tip of tlie wing. The lower brunch of this trachea passes 
along into Ua, giving oif a shoi't branch to U^, and finally 
ends up by bending down into In the hiudwing, there is 

only a minute vestige of the branch into Rj. The main trachea 
passes on into Rs; arriving at the fork of the sector, it gives oil' 
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only a weak branch into Rg+s, and passes on into Branches 
of about ec^ual strength are given off to both R 4 and Rs. The 
former passes up along a cross-vein into R., while the latter per¬ 
forms a similar evolution nearer to the apex of the wing, ending 
up in R 4 . 



Text’fig.l. 

Wings of apiifja of Ghorinta awdraiia Klug, 9, freshly'turned; ( x 21). 
Semi-diagrammatio, the traoheation represented by oontinuous blaok 
lines, the imaginal venation by dotted lines; k, the point at which 
Cu, meets a short cross-vein from M, eventually fusing with M in the 
imaginal venation: median ttachea; radial trachea. For rest 

of lettering, see p.408. 

The second main trachea of the wing is of smajler calibre, and 
belongs to the cubito-aiial group. It enters the wing-rudiment 
along the media. In the forewing, it is quite unbraiiched, and 
passes finally into Mg in an almost straight line. In the hind¬ 
wing, it gives off short branches to the cubital fork and also to 
M 8 t. 4 , and its distal end passes into a cross-vein below My. 

A second pupa was examined and its wings photographed, but 
the negatives obtained were not very satisfactory. In this case, 
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the distal endings of some of the tracheie were different from those 
im^rded above; the trachea in R, of the forewing passed 
dowYi into R 4 vift a cross-vein. The median trachea of the fore- 
wing also gave out a shoi't branch to the cubital fork. 

Only two pupie wei*e available for study. There can be little 
doubt that further minor variations would have been found had 
a longer senes of pupio been examined. 

There is only one conclusion to be come to from this result. 
U is, that the Mecoptora, as exemplifled by the archaic genus 
ChAyrista —and, therafore, presumably, by other existing genera— 
are highly specialised as an Order along the same lines that we 
ftnd in the Hynienoptera, Trichoptera, and Diptera, vis., by the 
i-eductioD of their wing-tracheatioii. The cause of this reduction 
is almost certainly the same in all four Orders, vis., that the 
tracheao do not grow into the wing-rudiment until the latter has 
been fully formed, with the venational scheme completely laid 
down. In such a case, there is no longer any need for a trachea- 
tional scheme, to guide in the laying down of the venational 
scheme originally based upon it; the only necessity is to supply 
the wing with oxygen. Consequently, there will be a tendency 
to reduce the tracheal supply to the minimum necessary for this 
purpose; and, also, for the trachees to cease to follow their 
original paths, and to take instead the path of least resistance. 
Both these tendencies are well illustrated by the case here 
studied. 

The same tendency, with many stages still preserved to us, has 
been noted already in the Order Plectoptera; an Order which, 
curiously enough, approaches most closely to the Holometabola, 
in that it possesses, in its sub-imaginal stage, what appears to 
have been Nature’s first attempt to evolve a true nesting-stage or 
pupa. The pupa of the archaic Mecoptera closely resembles the 
imago in everything except the form of its mouth-parts and the 
lion expansion of its wings. Thus it only differs from the sub- 
imago of the May-flies in being unable to fly, and in slightly less 
mobility of its free appendages. In the Order Plectoptera^ there 
are a number of genera known in which the remaining wing- 



400 STUDIES IV AUSttlALUV Mecoi^rra, ii,, 

tracheae all coijic i»fi' f 1*0111 a hingle stem. This must be regarded 
as a higlier sjincialiHaiiuii than that fouial in the Mecoptera, or 
ill any HoloinetuboluuK Onler. For, in all of these, it would 
appear that fmt is the iiiinimiim iiiiinber of ing-tiiichcic yet 
reuchcxl in the course of ovoluiioii, i.c., one fitan each of the main 
tracheal groups. 

It is inttavHting to comparer the coui*scs of ihose two ti-achcH* 
ill the four lioloiiietaboloiis Oiilei’S which show i*eductiun. Of 
the four, tlie only one which i*etuins the media intact and separate 
from the liase onwai'ds is the Mecoptem. In this OiYlt*r, the 
trachea belonging to tlie cubito-anal gi*oup passes into the media, 
which is as far forward as it could possibly get. This shows 
clearly tliai, in the ancestral form of the Mecoptera, the median 
trachea had alre^ly liecoiiie attached to the cuhitu'aiial group, as 
it has in most Orders of InsectN. In the Hyiiicnoptera, the meilia 
is suppi*esscd in the imaginal venation, and only a liare vestige 
of its ti*Hchea is to l>e seen in a very ancient family, the SiricUkf, 
'Pile principal trachea of the cubito<anal gi*oup passes along the 
cubitus, and may or may not be accompanied by a separate anal 
trachea below it. Lti the highest forms, this latter becomes fused 
with the cubital trachea; so that the condition of two tracheie 
only, in the wing-rudinient, is there fully reached. In the 
Trichupiera anti Diptera, in which the media is fused basally 
with either the I'adius or the cubitus fur a greater or less dis¬ 
tance, the trachea of the cuhiUi-aiial gi*oup passes likcwisA^ along 
the cubitus. 

Fnmi a study of this character only, then, it is clear that the 
Mecoptera prasent a more ai'cbaic stage than that seen in the 
Tnchoptcra and Diptera; and hence there is no evidence hera 
ofjahiat the prasuiiiption that both these Orders ara derived from 
the older Mecoptera, as Handlirscli supposed. Tlie Kyinenoptera, 
on the other hand, cannot he derived fivin the Mecoptera, since 
they show a more archaic stage in the Hiricida^ and some other 
families (where mora than two trachece are still present), even 
though they stand far in advance of the Mecoptera in having the 
media i^liminated from their venatiunal scheme. 
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Turning; now to the Oixlern Lepidoptera and Planipentiia, \sv 
Nee that lx>th of thene pt’eHcr^c the ronipleU^ of tmchou' in tlie 
pupal wing. In tluN charac;ter, then, they an: both of them 
iiiueh iiioro ai*chaic than the Mecoplcm and tlie other thi*ee 
Orders <HBCU88ed above. It niUMt \ye clear, thei*ufoi^, on this 
character alone, that the Lepiduptera cannot bo dcsbceiidcd either 
fivin the Mei^optcra, as HandlirHch supposed, or fttuii the Tri 
choptera, as Moynck would have it. 

Ijct us now I'eturn to the question of the interpretation of the 
iniagitittl wing-vonation in ChorUtia. The trachcMiti(jn having 
failed U8, what other evidence have we to go upon in working 
this out? 

Fii-Ht of all, it may l>c stated that the main scheme of venaliim 
in Chttf'iatOj like that of the Trichopteia, is so primitive that 
there ciin be no hesitation in naming the veins, even though ae 
cannot call upon the trachcBo? as evidence. The sulieosta, the 
radius, the radial sector with its dichotomous brandies, and the 
anal veins can all be named without any misgivings. It is only 
tile media and cubitus that ofler a difficult pixiblein. By ro< 
ferring to Text-flg.l, it will Im» scBcn that the main stem of the 
media, in lK)tli fore- and hind wings, is continued straight on by 
a strongly convex vein right to the wing-lKuder. All the I’est 
of the media lies anteriorly to this. Tlie media being properly 
a concave vein, it follows that there is at ohee a stnmg supposi- 
lion that this straight piidongation of the media is imlly Cui, 
and that the result has been brought aliout by a fusion of this 
latter vein, not far fmm its original at the cubital fork, with the 
main stem of the media. 

If wo examine the iiiiagiiial venation carefully, we shall see at 
once stmiig evidence in favour of this view. Picking up the 
base of the cubitus, whicli is a very weakly chitinised vein, and 
following it to the cubital fork ^ apparent 

cress-vein from this point to the media may very well be the 
liasal {Kirtion of Cu,, arching up to unite with the media at the 
point and then leaving it again as the straight, streng, convex 
vein in question. If that be so, then Cug in the forewing is the 
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vein that continues the line of the stem of Cu; while, in the 
liitidwing, it must fuse with lA for a short distance, and then 
Kcpurate from it again towards the wing-margin. 

We must now ask for definite proof that this supposition is 
the con'ect one. That proof is forthcoming from two separate 
sources, viz., the pupal wing-venation, and the tmaginal wing- 
venation. We may take these two sepamtely. 

(1) Evidence Jhm the pupal ivitig^venati&u :—In the freshly 
turned pupa, less than one day old, the fusions of veins that take 
place in the imaginal venation are not completed, but only just 
beginning. (The photomicrographs in Plate xliii., are from a 
pupa at least three days old; those taken from a freshly turned 
pupa showed the separate veins much more distinctly, but unfor¬ 
tunately the negatives were partially spoilt through the use of 
stale developer, and ate not good enough to reproduce). 



Text‘flg.2. 

fiassl part of hiiidwing of same pupa as in Text-flg.l, (x 4S), to show the 
radial (iU), and median trachea), the approach of On, to M, and 
the partial fusion of Oii| with lA. « 

Text-fig.2 shows a cainera-lucida drawing of the basal part of 
the hindwing of a freshly-turned pupa. In this, the separate 
veins Cuy and lA can be clearly seen initining alongside one 
another for some distance, and then diverging again towards the 
wing-margin. This fixes the position of the point already 
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selected. The upwardly arching branch above cnf is seen to hv 
connected with the media by a shttrl mvw>-vein descendiiig from 
the latter vein. Tn this pupal trachtsation, then, the line of the 
median stem is not continued by Cuj, but by the true media; It 
is only a rearrangement of the positions of these parts in the 
imaginal venation that brings Cu, into the position of continuing 
the line of M.* 

The case for the forewing is still simpler. Hero thero is no 
fusion of Cu;, with 1 A, and the parts of the cubitus can be seen 
to be quite separate from both M and lA. 

(2) Evide^we/rom the imaguud. optmiEtrm •—The evidence that I 
propose to bringforward 
here is of quite a novel 
kind, and does not ap¬ 
pear to have been used 
hitherto in any research 
upon wing-venation; yet 
it is of the utmost value. 

Tn the wings of all 
Holometabolouslnsects, 
two kinds of hairs or 
setas are developed. 

These I have called ma- 

crotrichia and wicro^ri- Text-flg,.3. 

cAia respectively, t The Psrt of the imaginal venation of the forewing 
former are, in most CWwto australi$ Klug, in the region of 

cases, restricted to the osWtsI fork W). to Aow di.tribation 

; of the macrotriohia; ( x *27): «, the point at 

veins; the latter are 

spread indiscriminately, 

and much more abundantly, over the whole of the wing. In the 

Mecoptera, the macrotriohia aro found upon all the main veins 

and their branches, but 9 isver upon the tme crogg-imne* Hence 



which Ctii has fused with M; t, cross-veins. 


* Compare the somewhat analogous condition in the forewing of Afyr- 
meieottiidof, where Ouu captures Mt close to its origin. 

t '*Meso)Boio luseots of Queensland, No,l.” ITiese Proceedings, 1017, 
xlii., Part 1, p.105. 
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we have, here, a fine criterion for dolerniinin^ whether any sup 
{himmI croKs-vein in imily Kuch, or not. 

IjcI uh apply this to the liaual {Mirtion of Cui, wiiicli, arching; 
up in the itnugiiial wing-veiiatic»ii to meet M, might well Ihj miN' 
taken for a croHH-vein. From Text-fig. 3, w<*. aee tliat all the 
crosH^veiiia around it are deHtitute of inacretrichia. Not m this 
vein, however; fur it in Been to carry a 8t>rieft of cKjeely set tiiacio- 
tricliia, which are continued along the rest of Cu,, 

Further, it will ho Been that the niacn>trichia dovelo|>cd ni)on 
the media are leus in number than thoHC upon the cubitus, for 
any given length; those upon the cubitim being about twice as 
numerouH. In this character also, tlie continuity of Cu^ from 
cv/ up to its fusion with M, and thenee along the strong, con\ ex 
vein already mentioned, is clearly indicated. 

Putting the two sots of evidence together, there can be no 
doubt that the correct inttu'pretatioii of the condition of tiu* 
media and cubitus is that which is given in the Text-figures. 

De^iVipHon i\f Ihe WI'lig- Vntml io/fr. (Text-fig. 4), 

Having solved the above preblein, we can now luiine all pai'ts 
of the wing-venation without any doubt wliatevcr. The I’esult 
is shown in Text-fig.4. It will lie Keen that the wing-venatioiial 
type is essentially similar to that of the Tjepidoptera, Trichoptera, 
and Dipteiu, except for the fact that a considemble number of 
imspocialised cross-veins are developed as supports between the 
main veins. These civss-veins cannot Ix) regarded as patt of 
the original venation, since they do not carry niacrotrichia, and 
are absent or very weakly developed in the oldest genera, both 
fossil and recent. 

Subvmta{Sc) is a stmight vein tenninatiug about lialfway 
along the eostal margin in the liindwing, somewliat Wyond half¬ 
way in the forewing. In Chm^vslOy it gives off only a single 
cross-vein in the costal space, near the base (occasionally, as in 
Text-flg.4, a second near its distal end), lids is the hoinologue 
of the himy^ral croH^'vmi in Lepidoptera and Trichoptei-a, and is 
a true cross-vein, since it does not carry macretrichia. 




Text-fig. 4. 

Imagiiial venation of wings of OAonVa attMrcUU Klug, with wirig-pigmeutation omitted; < x 7^). Letteiing as on p.-gtS. 
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The Rodim {R) is a strong ci>nvex vein branching at the 
radial fork {rf) into Rj and Rs. The main stem, R|, reaches 
the wing-margin well before the H|>ex. Around its distal end is 
formed the ptero8tiynu$ (pt), a hardened membranous area 
iHiunded by the costal margin above and the ptsroitifpnafic 
ipi/) beneath. Within this area are sometimes developed one 
or more ftterosiiynudia vfnnfrttt, which arc also parts of the 
original venation, not cross-veins, but true branches of R|, since 
they carry mocrotrichia. The Rodial #SV/o/* (Rs) has the typical 
dichotomous branching seen in the Trichoptera, giving rise, in 
each wing, to four branches, R,, U^, H4, and R^ respectively. 
The separation of R, from R, takes place far distad, under the 
pterostigma; that of R4 from Ro much further bas^ not far 
from the 6rst forking of Rs into Rt+s and Ri^-s. All these 
branches are connected and strongthened by a number of cross^ 
veins, whose position varies greatly in different individuals. 

Hio Mfiditt (M) iiesembles the radial sector in the manner of 
its biunching, as in Trichoptera; except that, in the forewing of 
Vhoruta^ the most posterior of its four branches, M4, divides 
into two parts, and M41.. The cross-vein connecting near 
its base witli Cu, carries no macrDtrichia, and must, therefui'e,, 
be r^rded as a true cross-vein, and not a branchlet from Cu^ 
Hence there is no evidence for the existence of the two branches 
of Cu,, which I have called Cu,^ and Cu,,,, and which are to be 
found in the most archaic Lepidoptera and in the Planipennia, 
but not in the Trichoptera. 

Hie C^UiM (Cu) is two-branched, as in Trichoptera. Hie 
anterior branch, Cu,, arches upwards to connect with M, and 
then continues the line of M to the wing-margin as a strong, 
convex vein. The posterior branch, Cu«, in the forewing, simply 
continues the line of the main stem of Cu. In the bindwing, 
however, it fuses for some distance with 1 A, and then separates 
from it, and runs beneath Cu, to the wing-margin, at about half¬ 
way along the wing. 

Three Anal Veim are developed in each wing. These remain 
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quite distinct throughout their courses, except for the i^rtial 
fusion of 1 A with Cu, uirciuly inentiuned in the hind wing. 

A number of crosH->(<ins, iri’egularly placed and excessively 
variable in different individuals, are develo[)od as supports 
between the branches of the media, the cubitus, and the anal 
veina 

It should be noted that, in the imaginal venation, the main 
stem of the media is fused with the radius fur a short distance, 
in the pupal venation, these can be seen to he quite distiiict. 

Summary. 

(1) Tlie tracheation of the pupal wing of Clumuta nuHtralvi is 
highly specialised by reiluctioii, there being only two main 
tracheae entering the wing. Of these, one belongs to the costo- 
radial group and passes into the radius; tlie other belongs to the 
cubito-anal group and posses into the media. 

(2) In the freshly-turned pupa, the fusions of veins that are 
found in the imaginal venation ara not accomplished, and hence 
it is possible to interpret the whole of the venation with certainty. 

(3) Main veins and their branches, in the imaginal venation, 
carry macrotrichia; cross-veins do not. From this, it is de¬ 
monstrable that an apparent cross-vein below M is in reality the 
basal portion of CU|. 

(4) The imaginal venation is specialised in having M fused 
basally with R for a short distance; in having Cii, continuing 
the line of the main stem of M, the shoi't basal portion of Cu, 
resembling a cross-vein below M; and also in the partial fusion 
of Cu| with lA in the hindwing. 

(5) The rest of the venation is of a generalised type, closely 
resembling the typical Trichopterous plan, but with an extra 
branch to M 4 in the forewing. Cross-veins are fairly numerous, 
but variable in position and number in different individuals. 
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KXPLANATION OF VljATK XIJII. 

Fi^(. I.—WinxH of a pupa of Chon^ta nmUtvIin King, 9, tlireedayH oWi 

(xl8). 

FiK/i.—Baiial part of forewinj; of f»ame; (x 43). Note the AUr Ti*unk- 
Trachea at eicti'eme base of wii% giving off the two wing-traohetv. 
Fig.3,—Banal part of hindwing of name; (x 32). 

(Photomici'ographH of the fi’eshly diHHCoted wingn in M*ater). 


K\ri.ANATto\ <»r (3oMaTO(*k Nkkukam Vrvationai. Notation, as i'SKU 
IN THB TKXT-rinimKH. 

lA, 2A, 3 A, the three anal veiiie—*0, ooflta--C)u, oubituft; Cu, ita upper, 
and C?u* its lower hranoh^/</, cubital fork—/>, frenulum—M, media; 
Ml, M„ Mfl, M4, ita four branches, the last of which divides Into and 
M4h in ilm forewiiig -nif, median fork-^, pterostigina--jD(f» pterostig- 
matio funYiw->R, ludius, dividing into R^, ita mam stem, and Ra, the 
radial sector; this latter lias four branches, R„ Ra. R*, and Rb— 
fork—fork of radial sector—Ho, suboosta. 



409 


THE “SPRINGING” OF TINS OF PRESERVED FRUIT. 

Ry \V. W. L'Ertkan(4K and R. GRKin-SiiiTH, D.Sc,, Maclkat 
Bacteriolooist to the Society. 

It occasionally happens in the canning of fruit that some of 
the tinSi after a time, l>egin to swell. Normally, the top and 
Ixtttom of the container are slightly concave, indicating a ^rtial 
vacuum within If, however, one or both is convex, the tin is 
abnormal and is alluded to as a “springer.” Such cans are 
rejected, and, as there may be many sprung tins, the loss may be 
considerable to the canner. The cause is generally ascribed to 
leaking containers, but as some fruits are more prone to produce 
“ springers ” than others, it appeared that much might be gained 
from a study of the phenomenon. It is certainly curious that, 
while pears and some varieties of plums with tight stones are 
frequently affected in this way, peaches and other stone-fruits 
are but rarely so, even when they are processed or manu&totnred 
in precisely the same way. Our attention was called to the 
matter, and an examination was made of some of the affected 
tins. 

But before dealing with the results of this examination, it may 
be well to briefly describe the method of processing the fruit. 
The pears, generally the Bartlett variety, are picked, pared, cut 
in two, cored, in some cases sliced, and washed in running water. 
They are then put into empty containers, and placed on a 
travelling belt which carries them past a tap from which boiling 
syrup is run in up to within a quarter or half-an-inch of the top. 
They pass on to a machine which automatically fits on the lids 
and turns the edges. The cold pears reduce the temperature of 
the syrup, which is generally at lbO*F., when the lid is fixed 
and the container made tight. The tins are put into baskets 
and passed through a boiler. The passage occupies S4 minutes, 
and the tins are in the boiling water sone for 16 minutes. On 
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emerging from the boiler, the enda are bulged, but tliey become 
concave as the tins cool, while stacked on the floor near the 
boiler. When cold, they are taken to the store, and built up in 
tiers so that any springers may lie detected. After a time, they 
are labelled and despatched. 

The springers appear to lie of two kinds. One contains syrup 
in an actively fermenting condition; the other is quite still, but 
the syrup has a sharp, slightly acid taste noticeable only to the 
expert taster, and the fruit is apparently quite fit for human 
consumption. The fact that one or both ends of the container 
are bulged is, however, siifllcient to cause the crindeniriatioii of 
the tin. 

The time during which the fruit is cfKiked seems to 1)6 sufli- 
oient to thoroughly pasteurise the contents of the tins, but to 
gain some definite information upon the matter, two tests were 
made in the laboratory with fresh pears. These were peeled, 
halved, and cored 1‘he bulb of a thennoincter was inserted in 
the body of one of the halves and the tin was filled up with boil' 
ing syrup, and put into hoilirg water. 'J'he temperatures of the 


pear and of the syrup were read off at intervals. 


Temperature in ”C. of the 


pear 

syrup 

At start . 

13* 

81“ 

Si minutes . 

27“ 

84“ 

5 minutes ... 

42-5“ 

sr 

10 minutes . 

65-5“ 

OO^" 

15 minutes . 

78“ 

92“ 

*20 minutes . 

85“ 

94-5“ 

*24 minutes . 

89“ 

sc 

Container taken out and placed on bench 

2S minutes . 

90* 

87-5“ 

30 minutes . 

30“ 

85-5* 

35 minutes . 

88“ 

78'5“ 

40 minutes . 

85“ 

7C 


The conditions were not quite the same as in,proceaBing*uuder 
faotory-oonditiona, inasmuch as there was no lid on the con¬ 
tainer, ud it was not completely submerged in the boiling water. 
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For this reason, tlieee teinperatureb are lower than would rnscur 
in practice, but oven as, in the experiment, the pears and the 
syrup were over 70*C. fur at least 30 minuteSi and over 86* for 
'JO ininuten, the exposure was quite sufficient to pasteurise the 
contents 

One point alxiut the experiment was, that the tin was put 
into the boiling water immediately the syrup was added; whereas 
in practice, a certain time must elapse before tbe tin is capped, 
put into H Vmsket and pushed into the boiler, where it is some 
four miiiules before the zone of boiling water is reached. It was 
considered tliat an interval of ten minutes would completely 
cover this interval, and, accordingly, in another laboratory-test, 
the container was allowed to stand for ten minutes after receiving 
the boiling syrup, and before it was put into the boiling water. 


‘ ” 1 

Temperature 

pear 

in X'. of the 

syrup 

At start . 

45'* 

47“ 

5 mitiulcs 

,w 

67-.V 

10 miiiutcH 

O?" 

HO* 

15 minutes 

7«“ 

8.V 

20 miimtes 

HO'o' 

88* 

24 mmuttis 

K.T* 

80-5* 

Container taken out and plated on Isnich 

28 minutes . ..1 

84” 

87‘5* 

30 minutes. 

sa-.v 


40 minutes . 

7«* 

78* 


Even with the teu-iiiinute interval liefore placing the tin in 
the boiling water, the fruit and the syrup were well over 70* for 
at least 25 minutes, and this should be enough to destroy all 
vegetating yeasts and bacteria. 

A number of faulty tins, ten in all, were received in October, 
1916. They consisted of pears, greengages, and plums. They 
were examined bacteriologically, and uo growths were obtained 
from the contents of seven. A tin of pears contained a small 
active yeast, Soeeharomyces Zopjiit which has been shown to be 
responsible for the '^puffing” of tins of golden syrup in America. 
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It actively fermented fruit-syrup, and was undoubtedly the cause 
of the springing of this particular tin. Another tin of pars 
contained a mixture of inactive yeasts and moulds. As they 
did not ferinetit fruit syrup, it was dear that the cause of the 
trouble had disappeared. A tin of greengages contained inactive 
bacteria and moulds, and, as in the previDus case, the agmt 
which had caused the fermentation had died or had hern killed. 
Several of the containers showed clear evidence of having leaked 
at some time. 

A second lot of six faulty tins of pears was obtained in J utie, 
1917, and the notes upon these are as follows. 

NoJ. *rhe container had a faulty Hd, the tinplate was spongy, 
and foaming syrup was ooxing out of a central pin-hole. 'J'he 
syrup was actively fermenting and contained yeasts. 

No.2. The container had a small quantity of syrup, the bulk 
having appai*ent]y leaked out. The syrup contained yeasts and, 
when set aside under aseptic conditions, it fermented vigoiously. 

No,3« The contents appeared to lie normal, but the syrup con¬ 
tained bacteria and yeasts. 

No.4. The fruit appeared norma), but the syrup was thin, and 
contained bacteria and yeasts. 

Nos.6 and 6. The contents were normal, and the syrup con¬ 
tained bapteria only. 

All the coutainers, with the exception of No.6, showed signs 
of having leaked at some time. No.6 was the only one that ap¬ 
peared to be intact. 

The bacteria in the tins were the same. On dextrose agar, 
they grew as short, irregular rods, and ns chains, especially in 
the condensed water. They were Gram-positive, and, as they 
had no action upon any sugar, they could not have been respon¬ 
sible for the springing of the retainers. 

The yeasts were all of the culture-type, that is,, they were 
varieties of Sttccha/rtmyeeH cereottus. This type is associated 
with the manufacture of beer, and one would not expect to And 
it in a factory where there is so much fruit utilised. In a factory 
such as a fruit-cannery, wild yeasts and toruln should be present 
in abundance, and it certainly was extraordinary to find only 
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culture- or beer-yeasts in the preserved pears. It was subse¬ 
quently discovered that, adjoining the cannery, there is a factory, 
where a largo amount of giiiger-lieer is prcxlueed It is safe to 
conclude that the yeasts came from this source. 

Ill October, 1917, a third lot of six tins of pears was examined, 
and, with one exception, all of them showed signs of leakage. 
The contents were sterile, and, fnim the presence of soldered 
vent-holes on two of the containers, it was concluded that the 
lot had Iwen reprocessed, that is to say, they hail been put 
through the boiler after evidence of springing had been detecter). 
One of the tins contained a strongly foaming, sterile syrup, and 
as this was oozing from one of the ends, it was evident that the 
re-processing had been of recent date. 

We had an opportunity of itispecting tlie processing of pears 
ill February, 1918, and, from our observations, we concluded 
that the root of the trouble lay with the closing of the coutainei s. 
The margin of the ltd is painted with a mixture containing Hour 
or 8tat*ch, and when the closing machine overlaps the edges of 
lid and container top, the mixture fills up the spaces Ijetweeii 
the interlocked edges. The joint appears to be tight, and doubt¬ 
less the starchy mixture makes a good lute. But the pressure 
exerted by the air contained in the tin (it constitutes from one- 
twelfth to one twenty-fourth of the contents) must be consider¬ 
able during the passage of the container through the boiler. The 
luting mixture is supposed to form a jelly in contact with the 
hot water, on the one side, and the hot syrup on the otlier, and 
it is quite reasonable to suppose that the jelly may lie forced out 
of the joint by the pressure of the contents. Tlie tins appear to 
be sound immediately after processing; it is when they are 
stacked in the store-ixiom, that they show signs of leakage. In 
the case of pears, about every second tin leaks more or less; 
witli plums, about every tenth tin is faulty; and, with peaches 
and apricots, the leaks are few in number. As the processing is 
the same in all oases, one is driven to the couclusion that the 
juice of pears and, in less degree, that of plums, has a solvent 
action upon the luting jelly, and that another mixture should be 
employed. 
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The experimental evidence shows that the duration and tem¬ 
perature of the prooes&inj; are suificient to alisuiutely free the 
contents from active yeasts. Their entry into the containers is 
most likely to wusur while the tins are cooling down or shortly 
after. It is reasonable to suppose that the original air of the 
tin has been partly or entirely expelled during processing, and 
the vacuum created during cooling draws in the air of the factory 
with its suspended yeasts and other organisms. It is entirely a 
matter of chance as to the number of organisms and the activity 
of the organisms that may be in the indrawn air. There 
may he none, or they may bo inactive, and the tin will not leak. 
There may be one or more, and, if these are active gas-producers, 
the tin will spring. ’ It is quite possible tliat some of the tins 
might be so imperfectly closed that they would leak under any 
cii*GUmstances, but the scarcity of leaks and springers among the 
tins of stone-fruits shows that this is of very rare occurrence. 

The behaviour of the pears and plums, as compared with 
apricots and peaches, points to the use of a more insoluble luting 
material, and, failing this method of overcoming the trouble, 
there is the alternative and probably l)etter plan of allowing the 
tins to cool after processing in a current of filtered, sterile air, 
and, when cold, painting the joints with a lacquer-varnish. Thus 
tho entry of yeasts into the tins would be prevented during the 
cooling, and the varuisli would make them germ-tight and germ* 
pro*»f. 



NOTES AND EXHIBITS. 

Dr. Cleland exhibited the first four parts (Vol. i.) of Epi¬ 
graph ie MM icale: Corpus Insuriptionum ad Medicinam Biolo- 
giamque Spectantiiim,” public par Professeur Raphael Blanchard 
(Paris, 1909-16). — A Iso specimens of A^wtello%*hina auyur {Colli- 
ph>ro ocpouia*.)^ one of the Australian Blowflies troublesome to 
sheep, bred from an Agaric (P/enro/us sp.) which had probably 
been infected during exposure for two days in a room—the 
interest of the exhibit being that the flies had lieen reared on a 
purely vegetable medium. 

Mr. Steel communicated the following Note on the abnormal 
gizzard of a Muscovy duck, exhibited at the last Meeting {antea, 
p.36l). subsequent dissection of the exhibit, it was found 

that, while the organ was of the usual shape and dimensions ex¬ 
ternally, the internal cavity was only about one-third of the 
normal capacity, and the giszaM-walls Cfurespondiiigly thick. 
The venniforit) appendage was hollow, and was tightly packed 
with a hard, brown substance, whicli broke up on treatment 
with hot sodium hydrate, but exhibited no traces of vegetable 
tissue, nor of deflnite structure, being apparently a secretion 
from the walla of the appendage. The appendage was completely 
isolated from the cavity of the gixxard by a layer of white, fibrous 
tissue, about ^ inch in thickness, this being the thickness of the 
side-walls of the gizaard at the area of attachment. 'I he speci¬ 
men has been placed in the Museum of the Department of 
Veierinuiy Science, University of Sydney.” 

Mr. Fletcher, on behalf of Mr. Musson and himself, showed 
seedlings of a number of species of plants, not Eucaiypts or 
Angophoras - including Simocarpw eyanetta^ Leptoapemnm 
CMuimon pxnijidifu and C. aatignu$^ Melalmusa 
itodoaa and M, (jenut\folia^ Tmiania neritfolta^ Syncarpia 
laiurina, Backhonaia Caanarina sp., SanUdum 

folium^ and several not identified—which seem to be afflicted, in 
a similar manner, with composite, shoot-bearing tumours. 

The Pmident offered a cordial welcome to Mr. H. W. Bretnall, 
a Soldier-Member recently returned after service abroad. 



ORDINARY MONTHLY MEETING. 

Auouaa 28th, 1918. 

ProfesRor H. G. Chapman, M.D., B.S., PreHident, in the Chair. 

Messrs. John Hopson, Junr, Dalkeith, Bccleston, N.&i.W,; 
and Fhrdkkick P. Dodd, Kuraiida, North (Jupenslund, were 
elected Ordinary Members of the 8octety. 

The ponations and Exchanges received since the previous 
Monthly Meeting (SUt July, 1918), amounting to 2 Yols., 44 
Parts or Nos., 7 Bulletins, 1 Report, and 5 Pamphlets, received 
from 37 Societies, etc., and two private donors, were laid upon 
the table 

NOTKS AND RXHIB1T8. 

Mr. W. W. Froggatt showed a fine series of Coccid galls on 
Eucalypts, commonly known as Braehyscelid galls, attributable 
to members of the genus Apiomm'pha', a remarkable gall due to 
Cynips on Live Oaks in California; and an undetermined, living 
snake from Moree, N.S.W. 

Mr. Fletcher exhibited specimens of Melalmea DtwMi F.v.M., 
and photographs of the largest plants seen (about 8-9 feet high, 
and 4-5 inches in diameter at the base); and specimens of 
PtiTophUa Sieb.—two of the rarer plants of the Lane 

Cove District, to be met with only in small, isolated groups. 

The Heuretary communicated a letter from the Dailey Branch 
of the Australian Society of Patriots at I^eweastle, advocating 
the reservation of Pulb^ Island in Lake Macquarie. Mr. J. 
Mitchell, who had visited the island, oflered some favourable 
remarks. Further consideration was postponed 


[Pi’iiited utf, 8«ptembei' 4tli, 1918.] 
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MESOZOIC INSECTS OF QUEENSLAND. 

No. 3, OdoxNata anii Protodonata. 

Bv H. J. Tillyahd, M.A.. D.Sc., F.L.S., KE.S., Linvkav 
Maolkay Fklu>w of tiik Sof-iHTY TN ZooLonv. 

xliv.-xlv., and Textfi^uivH 1 LKi). 

Since the publication of No.2 of this Scri<'s(4), Mr. DuiiHtaii 
haB completed the dolainination of the rock taken fiYim the 
Ipnwich Fossil Bed, in the course of j^ratherin^ together the 
material forming the third collection (8) of these fine fossils. The 
whole of this collection, with the single e\et*pttori of the Co](>op< 
temus elytra, is now in my hands for study. Amongst the very 
fine material rocinved in the last consignment are two interf^ting 
fossilOdonata, these lieing the only Dragonflies found at Ipswich 
since the discovery of M^aophhbia antinodnfia Till., deKcribe<i in 
a former paper(a). 

The former consignment also contained a very fine fossil, w'hich 
is of such unique structui'o that it is not easy to place it in any 
of the accepted Orders, cither fossil or rectuit. This fossil has 
been studied by me for a long time; and 1 have definitely con¬ 
cluded that it is best plained in the Pmtixlonata, of which it 
must form a new Suborder. The present paper deals with this 
fossil and the two Dragonflies above-mentioned. 

Recently, Dr. A. B. Walkom, of the University of Queensland, 
Brisbane^ has published his thesis upon the Lower Mesozoic 
Rocks ct Queensland (8), in whicli he discusses very fully the age 
of the Ipswich Beds. There can be very little doubt that his 
placing these beds as Upper Triassic is correct, and as such 1 
am oontmt to accept them. It will be more and mora evident, 
aa the deacription of the fossil insects proceeds, that they consist 
of a definitely Mesozoic Fauna, not unlike that of the Lias of 

SI 
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England, together with a number of older forms, apparently relics 
of the old Carboniferous Fauna, such as we know from Commentry 
in France. The three insects described in this Part illustrate 
this intermingling of forms very clearly. 

()nl»r ODOMATA. 

Nubuider ZJrgoptora. 

Family LESTID^.. 

Subfamily TRIASSOLBSTIN^J, n.Rubfani. 

Wings with the bases stixmgly reduced, petiolate; the whole 
of the area between Cu and the posterior margin, below the 
quadrilateral, fi*ee of veins; and, hence, no anal bridge present. 
Quadrilateral narrr>w, placed very obliquely to the long axis of 
the wing; its upper side shuii;, its lower long, and hence its distal 
angle vetry acute; Cuj and Cug arising together from this angle. 
Arculus complete, with M, ^ arising from the top of the quadri¬ 
lateral. 

Cenus Thiasholrstrs, n.g. (Text-figs. 11,12^). 

A complete antcnodal cross-vein in line with the arculus; (this 
is probably the second of the series). Distal side of quadrilateral 
continued straight to the posterior border of the wing, by an 
oblique cross-vein. arching slightly upward as each branch 
is given off; M, arises about six cells distad from the level of the 
quadrilateral; Ms arises from M 1.9 about four cells further distad 
than M|. Discoidal field fairly wide^ with M 4 and GU] slightly 
divergent; a single row of cells to beyond the level of the origin 
of Ms, followed further distad by two rows. Between Cu] and 
Cut, a single row of cells at first, to about level of origin of Ms. 
CU| curves strongly downwards distally to meet the posterior 
border of the wing; between it and the wing-border, one row of 
cells basally, increasing to two distally. [Anterior and distal 
portions of the wing missing, including nodus and pterostigma]. 

Genotype, 7Via«sofeste« n.sp. (Upper Tri- 

assic, Ipswich, Queensland). 
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TrIAB 80LB8TR8 RPIOPHLKBIOIDKfl, II.Mp. (Text-figH. 11, 12/;). 

A well'pi^eaervcHl fragment, I8*5iiini. long, gi'eatent width (cHn- 
tally) 8‘R min.; conHinting of the greater portion of the baeal half 
of the wing, but without the exti*eme Iiarp. The an tenor part, 
including the coNta, Bulicofita, and radius, iiiiNNing. The preserved 
portion includes tlie (|uiu]rilatetiil, the media and cubitus with 
their bi'anches, and the postenor border of the m ing. Tlie anal 
vein ap[)eiirs to be completely fused with the latter. 



Toxt-fig.U, 

TnasHoifLiiteM n.g. et sp., (TriosAic, Ipswioli, Q.), pi'enervecl 

portion of wing; ( xfi). (Jii,, Cni, bmnohofl of ouhitiiH: M,.8, upper, 
nnd M4, lower Hector of arcuIuH; Ma, Zygoptericl Hector: petiole; 

7, quadrilateral. 

The appearance of the fossil may be seen from Text-ftg. 11. The 
veins are all lx*autifully pivserved, but unfortunately the wing 
lies upon some plant-romains, which appear to have been hard 
twigs or stems, and which liave caused the fossil to rest upon a 
very uneven surface; with the result that, in one place at least, 
the wing has become crumpled or torn transversely, so that the 
continuity of the main veins is badly broken. 'Ihe veins can, 
however, be followed across the break, and picked up on the 
other side of it. Distally also, in the legion of M|.a, the wing 
lies upon an uneven surface, and the position of both main veins 
and cross-veins is somewhat distorted. 

Eliminating the effect of these inequalities, it is not a difficult 



430 


MRBOZOIC INSECTS OF QUEENSLAND, 111., 


task to i^toi-o the wing to its coritict form, as far as it is pre¬ 
served for us. The I'esult is to lx‘ fueeii in Text-fig, 126, to which 
T have arldeci the pi-ohahle courses of tlie veins that are miasing 
in the fossil. For purposes of comparison, T have shown also the 



Text-fig. 12. 

(a) nnper^ (Selya), (Recent, Japan), forewing; 6', region of 

quadrilateral of hindwing of same. (6). Trkumfe«it€H €pkftki«bk/Uk*, 
n.g. et ep., (Triassio, Ipswich, Q.), restored wing, with missing parte 
shown by dotted lines, (c) SynlwUs loeyersi Selys, (Recent, Anstmlia), 
forewing. The basal portions of all three wings shown for <MMnpnrison 
with one another, (all x 4). Ab, anal bridge; 0, costa; N, nodus; R, 
rsdius; sq, subquadrangle. Rett of lettering as in Text-fig. 11. 

corresponding areas of the forewings of Bpit^tbia st^stes 
(Selys), and SynleateB tveyerH Selys, both of which show certain 
points of resemblance with this interesting new fossil. 

OoiAparmg the fossil first of all with SpiopUebia, we note that 
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the fossil winj' was considerably broader, and probably also some¬ 
what longer, llio rogion of the quadnlateral is closely similar 
in l)oth, but the i|uiulrilateral of the fossil wing is placed nuire 
traii8vei*Hely to the wing-axis, and the lower |M)rti(mof th(*arculuH 
is iijueh nioro transversely plae^l than In Eplophhbia, The 
quadrilateral of the fossil ivseinbles that of the forewiiig of 
EpiopUebia much inoro than it docs that of the 

hindwiug (6'); but, in other I'espects, particularly in the Htn>ng 
distal curvature of Cug, the fossil wing nioro roscinbleH the hind¬ 
wing. A close resemblance to EpittphhbUi, is shown in the levels 
of tlie ongins of the branches of M, and in the shape and vena¬ 
tion of the discoidal field and the tw^o longitudinal areas of the 
wing lying lielow it. • 

The fossil, however, differs entirely from Epwphhhm^ and, 
indeed, from all known in possessing a broad and abso¬ 

lutely free area between Cu and tlie posterior boi*der, below the 
quadrilateral. As the wing is excellently preserve^] in this 
region, thcro can be no doubt alxiut this character, which places 
the fossil, in this rospoc't, as nioro highly specialised by i*eductioii 
than any known Zygoptera, except only the subfamily Pi'oto- 
ftmrmm of the family Ayriofiidoi, 

Where the nodus was placed, we cannot tell for certain. But, 
if we were agi*eed that the coiiiparisiiii with tJpiopMtibia would 
hold also for this character, we might expect that it was situated 
somewhere near the extreme distally piBservod |K)rtion of the 
fossil, i.f'., considerably distad from the level of the origin iif Ms. 

The comparison with Eynleslp» is by no means so close, as can 
be seen from Text-fig. 12c*. The wing of SynleaUn is exceedingly 
narrow, and differs from that of the fossil in having Ms arising 
from Mb close to its origin, in the very narrow quadrilateral, in 
the upward arching of CU| from the distal angle of the (juadri- 
lateral, in the consequent narrowing of the discoidal field, and in 
the Icngtli and straightness of Cu . But, in its extroine reduc¬ 
tion of the anal bridge (ilfr), Syfde»teB shows the nearest existing 
approach to the high specialisation seen in the fossil; and, on 
this account, the comparison is of value. • 
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Willie placing thin foKsil as uioi'e cloHely allicK) tu Kpiopid^ia 
than to any known Dragonfly, fouftil or recent, it soeiiift to me 
that tlie character exhibited by it I'equiro it» elevation to sub¬ 
family rank, ihit, if the ai*ea lielow tlie quadrilateral liad pos- 
sessed an anal bridge, I should have betm content to place it in 
the Kubfiinuly KptuphhbiitiAt*, 

The liBstid aftinitien of the fossil ap|)ear to me to he beyonil 
doubt. As it appi'aini that some students of the Odonata have 
lieen iinwilling to accept my i‘eiiKival of EpiopMehia to the family 
hpsliihf*^ T should now like to draw their attention to this fossil, 
which was unknown at the time that I made this suggestion. 
The combination of Epio))hlebiine characters from the qiiadri- 
lateial distud, with the extt'enie i*eduction of the liase, which 
rharoctenses this fossil, should singly lx; i^egardcd as a further 
link in the cliaiti of evidence fur the Txwtid affinities of 
lipwphJI**h\<i. 

Type, Hpecimen No. 201>a, (Coll. Queensland Geological 
Survey). 

Horizon: Upper Triassic, Ipswich, Q. 

Odonata inckuta skdis. 

(letiUH P K u [ aso pH L K B i A, n.g. (Text-fig. 13). 

i4etween C and U, beyond pteixvstiginii, an irregular double row 
of eells. Between H and M,, beyond level of pterostigmo, at 
ffi‘st an iri’egular triple row of cells, followed by a more tvgular 
double i*ow. lielow M], a strong convex sector is developed 
towards the apex of the wing, three rows of cellules from it. 
This is probably Close below this sector, and only a single 

row of cells* width from it, thera is a parallel concave sector. 
Both the above sectors oonverge towards M, as they approach 
the apex of the wing. Some three or four i\)ws of cells below 
the concave sector, there is a diverging convex sector, which is 
probably Mg. 

[Only a fragment of the wing is pi^eserved, embracing a por¬ 
tion beyond the pterostigma]. 

Genotype, Pfri9imiphlthia muliincruiday n.Bp. (Upper Tri- 
assic, Ipswich, Q.). 
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8o little of the wing uf this fine Dragonfly is preserved, that it 
would bo inadvitHible to name it, wei'e it not for tlie very remark¬ 
able characters exhibited by the praserved portion of the wing. 
It may lie stated as a general rule, both for i^ecent and fossil 
Odonata, that the spaces lietween C and 1^, on the one hand, 
and l>etwe(M) R and M,, on the other, from the level of the ptero-, 
stigma to the apex of the wing, are only filled by a single vow of 
cells. As exceptions to this, we may note the Liaasic genus 
PefrothnnU Handl., in which the distal portion of the space 
lietweeii C and H is filled with throe mws of minute cells, and 
the Imsal portion of the space lietween R and M, carries two 
rows of cells near the pterostigma, deci*easing to one row only 
towards the apex; and the very densely-veined Aesehnidiidtp^ in 
which the upper of the two spaces in question has only one row 
of cells, but the lower has two. 

Hence we see that, on this character alone, PprisaophUbia 
stands as the most densely veined of all known Odonata, 

A second cliaraeter, that is very exceptional in Odonata, is the 
arrangement and dilution of the longitudinal veins lying below 
M]. These aro so strongly developed that they would appear, at 
fii'st sight, to \)o portions of main veins. But a little considero- 
tioii of the position of the pterostigma shows us tliat the pre¬ 
served portion of the wing represents only a very small piece of 
a very large wing. The lowest of the three sectors seen below 
M| in the fossil is concave, and may very probably be M^; the 
other two aro almost certainly not branches of M, but intercalated 
soctoiu Of these latter, the upper one, being strongly convex, 
very probably currosponds with tlie postnodal Hector^ Mj^, found 
in recent Zygoptera and in p€taluTa\ while that below it might 
be either a concave supporting sector, or a branch from Mg itself. 
In any case, the dii*ectionH of these three veins, two being parallel 
to one another but converging towai^ds M] distally, and the thii*d 
being parallel to Mj, are quite exceptional in tlie Odonata. 

It is clear then that, in spite of the small amount of the wing 
preserved, the characters there shown are quite marked enough 
to warrant the giving of a name to the fossil. 
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PKKISKOFIILKHIA MULTIHKHIATA, ll.Sp. (Text-fig. 13). 

TuUil Icijgili of frugiiieiit, 8*r>mti>.; greatest bi*eadih of t>atiie, 
8*5 iiiin. 

A hiuall portion of the pterubtigtiia preserved appears to (Kiint 
definitely to the fm:t thiit it was sharply angulated at its upper 
* distal angle; a oliaraeter that is exceptional amongst fossil 
Odonata. 

Most of the fragment is very well preserved, with tl)c croBs- 
\eins eleurly visible; Init, in the lower portion, they ai*e partly 
obliterated. 



Tcxt.flg.l3. 

n.g. ct up., iTriasHio, IpHwiuh, QA. Piwerveil 
portion of wing, (x TJ). Mj, poaltKjda! sector. 

Tiic distance fix)u& the tip of the pterostigma to the apex of 
the wing, and tlie great widtii of the wing beyond tli6 level of 
the pteroatigma, hath point to the fact that it is a fragment of 
a very large wing, probably as large as, or larger than, that of 
Petainra tjiganim Leach. 

Type, Specimen No.203a^ (part and counterpait). (Coll, 
ijiipensland Geological Survey). 

ft is impossible to place this fragment definitely; but I would 
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a likely I'elatiruibliip with Fetroihnnis aimjnhirlH LIhihI- 
iirbdi, which in itself unplaced, owing to abHcnce of the Imnal half 
of the wing. A figure of thin latter foasil in given in }{andlirKoh*H 
AtiaH(l), l^late xlii., fig.9. It is a much smaller wing than that 
of PerittHophMda^ and comes from the Tapper Jjum* of Dohliertiii, 
Meckletiberg. 

Oidei PROTODONATA. 

SiiUii-der Aeroplanoptera, NuHuidi) nova. 

liihects with stnmgly veined wings, truverseil by numerous 
parallel longitudinal veins, with a network of irregular cruss- 
veins, well developed near the liase only; in the rest of the wing, 
the eross-\ein8 tend to IxHsome weak, and almost diHapf)ear dis¬ 
tal ly. C<wtal lK)rder stiDiigly developed, eoriaceous at base. 
lladiuH witli a single sector. Media with many dichotomous 
l>rauche«. Cubitus two-braiiched. 

Tliis Suborder is at once distinguished fixmi all the rest of the 
l^'otocionata (which may bo termed tlie Suborder Meganeum- 
[ftoro, fnmi the dominant family) by the close, parallel veining 
c»f ilie wings, the diohotoinous branchings of the media, and the 
twii'braiiched cubitus, Tn this latter chai'acter, it agm^s witli 
tlie Order Odoiiata; wheixius the rast of the ProlodunaUi have 
only a simple cubitus. 

Family AEIIOPLANID-^, fain.nov. 

Wings excessively elongated and narrow, the parallel longitu¬ 
dinal veins stmngiy developed and close together. Sulxiosla 
w(>jik, in a deep groove just in front of the exceedingly strongly 
developed radius. The single radial sector arising from near the 
base hy a double root. Media sevon-biiinchecl in both wings, but 
the method of branching is diiierent in fore- and hindwings. 
lladius and media just fused at bases. Cubitus witii its twi» 
bmnehes arising close to the l)ase and diverging gradually, A 
single anal vein present, below which is developed an anal field 
with irrogular veining, Huppoi*ied by a curved recurrent sup¬ 
plement. 
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Ooriufs Akkoplana, n.g. (Plates xliv,-xlv., Text-figs. 14,15), 

Ciiaractet'H of tlie family, with the following additions. First 
and second origiiiH of Hh arising not far a{>art, the portion 
between them somewhat curved concavely to R. First dichotomy 
of M at same level as first origin of Us, Tn forewing, the 
anterior branch of M gives rise to three branches, by two dicho¬ 
tomies which take place at some distance ftxmi the first; the pos¬ 
terior bmneh also gives i*ise to thi*ee branches, winch arise much 
closei* to the original forking. The middle of these three Ii^t 
bmiches forks again, a little further distad. Thus there are 
seven bmnehos in all, three arising from the anterior branch, and 
four from the posterior. Tn the hind wing, the anterior bmneh 
of M roinairiB simple for a considerable distance, but finally 
divides into two only; the posterior branch, on the other hand, 
soon divides again into two, of which the upper bmneh gives 
rise to throe branches by two separate dichotomies, the lower to 
two only. Thus there arc also seven biunches of M in the hind- 
wing, but of these only two arise from the anterior branch, and 
five from the posterior. 

The two branches of Cu diverge very slightly from one anotlier 
at first, both tending to diverge also from the radius, in the same 
manner that the media does. A little further distad, close to 
tJio level of the first origin of Us, Cuy begins to curve strongly 
away from Cuj, forming a wide bend, and later on again ap- 
pixiaches Cuj, to i*un parallel to and beneath it. 

Just distad from the first dichotomy of M, in the hindwing 
only, a weak, curved supplement runs back obliquely to join Cui, 
resembling in form the anal supplement below A, but on a 
smaller scale. 

Genotype, Aeroptmm mirabilvf^ n.sp. (Upper Triassic, 
Ipswich, Q.). 

Abroplana MiRABiLiH, u.sp. (Plaios xUv.-xlv., Text-figs. 14,15). 

Total length of fossil as preserved, from base of hindwing to 
end of isolated piece of forewing, 41'5inm. Total length of 
preserved portion of hindwing, 26mm.; greatest breadth of same, 
5 mm. 
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The insect lies uptni the suinewhat uneven sui*fAce of a dark 
grey biiale, in nucIi a posit ion timt it is cruslied down somewhat 
dorso laterally, the hindwing apparently covering the thomx, and 
having its costal margin jaissing under the posterior bolder of 
the foi-ewing. This latter wing, however, lies at a slightly higher 
level. NO that, in the pi-ocosN of delaiiiiuation, its posterior bolder 
WAS lifted ofl^ ex{M>sing the whole Iw-sal portion of the costal 



Toxt-fig 14. 

Avroplfuta. mirdftUM, n.g, ct sp., (TriaNsiu, Ipswieli, (J.) Sketch of the 
whole foHHil iti ( x 2) to show the relative poaitioiiH of thodin'erent 
pai‘t>M. A, A, principal portions of the fore- and hind wings, tigui'ed in 
IHate xliv., fig 12; B, distal portion of forewing, figured in Text-tig. 

To the left of the wings lu-e slittwn the crushed portions of the 
head and iliorux. The fossil retiiaiiiH are left unshaded, the I'ouk 
itself is lightly shadod, and the deep break between the parts A and 
H is shown in black. The rook around B has been partly out away 
with a penknife. 

margin of the hindwing. Around the buses of the wings there 
ui« Hcattei*od a numlier of vhitinous pieces, some belonging to 
the lieiu], and some to the thorax of the insect. Tliese arc so 
iiiucli crushed that they cannot be recognised with certainty; but 
there aro two very concave impressions close together, one circular 
and the other an irregular oval, which may represent portions of 
the compound eyes. Below the hindwing, there are two narrow 
elongated fragments, one about 14 mm. long, the other about 
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11 mm., which appear to represent the brnkeii-off costal borders 
of the other pair of wings. 

Mr. Dunstan tells me that, in the seai*ch for tliis fossil, the 
rock broke transversely across tlie two wings, leaving a consider¬ 
able gap l>etween tbeni. On the other side of this bi*eak, Mr. 
Duustan prospected with his penknife, and was foi-tunate in 
picking up a further (more distal) portion of the forewing, lying 
exactly in line with the nioi« basal portion. This part was 
glued into position on cardlxiaitl with the rest of the fossil, as 
shown in Text-fig. 14. Mr. Dunstan assures me that this part is 
not, at the most, more than a sixteenth of an inch out. If t))Ht 
be HO, as it certainly would appear to be fivm the shape of the 
wing, then it is clear that the wings of this insect were exces¬ 
sively long and narrow, l^eing in shape not unlike the planes of 
a modern aeroplane. Tliis chai^acter suggested to mo the name 
of the genus. 

The general character of the wdngs of the fossil can l>e well 
seen fi’om Plato xliv., fig, 12. The hindwing is very complete as 
regards its basal portion, and exhibits a large nunilier of iu- 
tei'csting characters. Wo may most pmfltably study this wing 
Hint. 

The costal space ap))ears to 1x3 sti'ungly convex, and was pixi- 
liahly fonned of very Imrd chitiii, since the few cross-veins in it 
aiti indistinct, and the wliole area ap{>ears to have been coriaceous 
iatextui'e. Tlie convex curvatun; of this area ciuIh postcnOrly 
ill tlie deep groove of the subcosta, behind which the radius rises 
strongly up again as a convex vein. The two sepamto hoses of 
Uh HLve lioth strongly marked vetiis, but the base of tlie media 
appears as a very weak vein diverging from R. The bases of Cu 
and A are strong veins. 

In the whole of the basal region of the wing, up to a level 
just b^ond the second origin of Us, the cross-veins are strongly 
marked and easily followed. The tneshwork here is of a typical 
Palwodiotyopteroua type, the cells formed being very irregular in 
shape. The development of the recurrent supplements between 
M and Cu, and again between A and the posterior border, in the 
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hind wing, aiv clearly intereRtiiig attmnptB t<i sti'engthen the wing 
in the rc^gion of grcatent curvature of the main veins. 

Beyond tho level of the origin of Rs, the ci^ohs- veins l-teconie 
weaker, and are ditKcult to make out. Tn tho figure in Platt' 
xliv., I have indicated every possible cross-vein of which I can 
find traces, by examination in lights of diflPerent directions and 
intensities. Some of these may not he true cross-veins, while 
thciv may be others present which T have rnisst^d. 



Text-fig. 15. 

Avr(^^ilana mirahHiH^ n.g. et np., (THaaaic, Ipswich, Q.). Ifistal portion of 
forewing beyond the transverse fracture of the rook shown in Text-fig. 

14;(<74). 

The pi*esorvod part of the forewing is very similar to the hind, 
except for the diffei'ent manner of branching of the media, 
which has been already mentioned. Careful measurements of 
corresponding portions of fore- and hindwings show that their 
widths are almost the same, the forewing being slightly wider 
than the hind, as judged by the perpendicular distance between 
Rs and Cu,. But this may have been ofiset by a somewhat wider 
anal area, in the hindwing. 

Tho isolated distal portion of the forewing is shown in Text- 
fig. 15. The main veins are well-preserved, yet there are few 
indications of cross-veins. It seems probable that theorosa-veiiu 
became weaker and weaker towards the distal end of the wing, 
and finally became obsolescent near the tip, so that most of them 
are not preserved in the fossil. It will be seen that there are 
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two bifurcations in this distal part of the wing; these have to In« 
taken int<i account in the rostomtion of the fossil, which T have 
attempted below. 

Type, Spftcimcii No. (Coll. Queensland Geological 

Survey). 

Horizon: Upper Triassic, Ipswich, Q, 

Mpmtoriitimi of (hi* of Acu'oplana rnirabilis, n.ap, 

(Platt* xlv, ligH.l3>l4). 

Tn attempting to restoi'e the complete wings of this remarkable 
fossil, I have made two assumptions which appear to be fairly 
well justified, viz., that the shape and venatitm of the fore- and 
hindwitigs wen^ approximately the same (witli tlie principal 
differences pi^eserved to us in the fossil as it stands), and that 
the isolated portion of the foiewitig, shown in Tc^xt-fig. 1 fi, lay 
close to the a{>ex of the wing. 

Even with this latUu* pniviso accepted, and taking full ail- 
vantage of the possibility of an c^rror of one-sixteenth of an inch 
in Mr. Dunstan’s placing of this fragment, it will \ye apparent 
that the length of th€> wings, in comparison witfi their breadtii, 
is enonnouH, the ratio lieing approximately 7:1. 

In filling in tlie gap U^tween the basal half of the forowing 
and the distal pmserved portion, it is necessary to bear in mind 
the possibility of one or more veins having reached the costal or 
posterior border, respectively, in the interval. To determine 
this, 1 examined the veins in the distal fragment carefully, with 
the result that I found the uppermost to be inoro strongly built 
than the others. This should, therefore, be the radius, as is also 
evident from its level on the wing itself. Hence, if we assume 
that there have been no other dichotomies of veins in the missing 
part of the wing, the veins below R in this part of the wing 
must be, in consecutive order, Ks and the seven branches of M. 
Of these last, it will be seen that M, and M 7 branch again. There 
remain, then, as veins that have reached the posterior border of 
the wing before this level, the two branches of Cu, and A.* 

* This interpretation assumes no further dlohotomies of M in the missing 
portion of the wing. 
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On tlie above suppositions, we may restore the two win^s as 
shown in Plate xlv,, 13-14, the missing portion of each wing 
Ixiing made appinixiinately the same as the corresponding portion 
present in the other. 

Tlie total length of the wings, as restored above, would be 
about 4<> mm. each. If, then, the insect were of slender build, 
with a narrow thorax, the total expanse of the wings must have 
In^n about 96 mni., or nearly four inches. This is very small for 
a Prottxlonate; but the fossil lieai*s the marks of a induced type. 

Affinities of the Fossil. 

Tliis fossil is certainly one of the inrwt puzzling of all the 
Ipswich Insects. As far as I know, thei*e is nothing in the 
whole range of insect-venation, either fossil or n'cent, that shows 
any close I'elationship to it. fn Anally detennining to place it 
in a new Suborder within the Pii>t<xlonatti, the following points 
have weighwl with me: 

(1) . The diflerences in the branchings of the media, in the two 
wings preserved, are sufficient proof that we have a fore* and a 
hindwdng preserved, not two fon^wings or two hindwings. 

(2) . Which wing is the foro and which is the hind, is not 
capable of absolute proof. But, unless the insect is altogether 
twisted out of shape, tlie inoiie anterior one should be the foi^- 
wing, US I have assumed it to be. 

(3) . The close similarity evident between fore- and hindwing 
in venation, as well as in shape, puts several Orders out of court at 
once; notably the Orthuptera, the Perlaria, and the Hom<iptera.* 

(4) . Jn considering the type^of venation exhibited, there would 
appear to be charactei's belonging to three Orders, viz., the Pro* 
todonata, Planipennia, and Mecoptera. These characters had 
to be carefully weighed, with reference to known types of each 
Order. 

* We might note here the exiitenoe, in Australia, of Homoptera belong* 
ing to the sultfamily DfM'm of the family Fu/portder, with the forewing 
narrowly elongate as in also, a similar elongation ooours in 

both wings in the genus StenchuUa of the family TWcAomolNler, in the 
Order Planipennia. 
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(5). In tho above compariHon, due allowance must be made for 
reduction of the original venation, owing to tho extrome narrow¬ 
ing of the wing. 

Taking, then, the Mecopteran characterH first, it will he seen 
that these may be practically Hummed up in the dichutomouH 
natui'e of the branchings of the media. But, in the Mecoptera, 
the radial sector urLdergoes a similar series of dichotomous 
branchings. We must assume, then, that this type of branching 
is not in itself evidence of Mecopteran afiinitiesa, unless accom¬ 
panied by other definite charactt'rs. That this is certainly so is 
shown by the at'chaic which belongs to the 

Planipennio, but whi<‘h 1ms, nevertheless, a media dichotomously 
branched, in a manner not unlike that of the fossil. 

The Plani|HUinian atfinities suggested are the gtmeral apjM?arance 
of the wings as bcung those of a “lacewing,’* with their mirnemuH 
parallel longitudinal veins sup}>orted by, for the most |»art, 
ilelicatcly fomiKl citms-veins; tho great Hti*ength of the i*adius, 
an<l the close, ^uirallel situation of the subcosta in a deep groove 
ill fioiit of it; and also the correspimdeuce tietweeu the branch¬ 
ings of M ill the fossil and in Psyi'htjmn ali*eady men¬ 

tioned. 

The principal characteristic of all known Planipennia, however, 
is the large number of descending branchi^ of the radial sector. 
Tt is these veins that form, in this Order, the majority of tho 
parallel longitudinal or oblique veins traversing the wing. But, 
in the fossil, Us is unbranched. This alone seems quite sufficient 
to prevent us placing the fossil within the Planipennia. Farther, 
in all archaic Planipennia, the series of cross-veins between C and 
Sc is oblique; whereas, in the fossil, those that can be seen are 
at right angles to the main veins, as in Odonata and Protodonata. 

A further argument against both Mecopteran and Flanipennian 
affinities for this fossil is the absence of any signs of maxyrotrichia 
upon the main veins. Even the strongly built radius, which is 
exceptionally well preserved, shows no signs whatever of having 
carried these structures. 

The Odenata themselves cannot be brought into consideration, 
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«inoe the fossil evidently ittcks tlie esHential discoidal cell, not to 
mention a nodus, which is almost certainly absent also. We are 
therefore dn\eri back to consider the claims of the Protodonata. 

The strongly built, preliably eoiiaceous, border is already 
known in tlie Carlwnifenms genus Mp^gatimra. The new fossil 
also I'esembleh this genus in the manner in which M appears 
liasally as a \ery weak vein diverging gently fi*om the strongly 
built H. The Protidonata, like the Odonata, are notable for 
tlie unbranched condition of Rs. Now, in Mpgtmpnra^ there are, 
in the forewing, hmt ladial sectors aiising fairly close together, 
and running closely parallel for a considerable distance. Ff, 
owing to the narrowing of the wing, in the course of evolution. 



Text-fig.!«. 

IliagiuniH to show the structure of the radius and media in Protodonata; 
a, suggested ancestral condition, from which there can be derived:— 
the condition found in ArrojJava n.g. et sp., by fusion of 

the two radial sectors (Rs,, Rs.j) near their bases; o, the condition 
found ill the forewing of Menantnrti vktniyi Brongn., with radial 
seotora still separate, but anterior branch of media (M,) eliminated; 
and d, the condition in the hindwiiig of the same speoies, with the 
rodml Hectors elimiimted but the nieriia not leduoed. 

these two sectors were to fuse together, we might expect to get 
some such formation as we find in this new fossil, vix., a single 
Rs with two origins. In the hind wing of Megammira^ however, 
we find that Ha is entirely absent. But there is a peculiar 
anterior branch of M, which takes its place, and which branches 
dichotomously exactly in the same way that tlie corresponding 
branch of M in the hindwing of the new fossil does. All these 
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conditions, viz., that in the forewing of M^janenra^ that in the 
hind wing of the same genus, and that in the hind wing of Aero- 
can be easily obtained by reduction from the type of 
venation show*n in Text-fig. 16,«, as may be seen fi*oin A, f, and d 
of the same Text-ligui'e. 

The rest of the media in Meijanemut diftei*s widely fnmi tliat 
of as is only to bi^ expecteil wlien one i^onsiders tlie 

difi'erence in the shape of the wings. 

The cubitus in Metjanenra (and probably in other Pnitodonata 
so far known) is simple. But it is a sinuously curvixl vein, 
resembling the Cus of Aeroplmm in its general coui'se basally. 
Both genei'a have only a single main anal vein. But in 
nmm, as in other Protodouata, both Cu and A give off numerous 
descondiiig branches, which are absent from Aeroplana. 

We can only conclude that thei'e is a certain amount of 
evidence of affinity between Meyaneura and A*hrof^ana^ though 
that evidence is by no means strong. The nuinei'ous points of 
difference are so c\ ident that it will Hoaix*ely be necessary to 
enumerate them. Thei*e ai*e, then, only two courses open to us: 
either yro must place Aeroplana in the Order Protcxlonata, as a 
very liighly specialised luetnlier, far removed from any known 
ty^ie of that Order; or we must make a new Older for it. In 
ch<xising the former alternative, while at the same time empha¬ 
sising the unique chaiacter of the new fossil by placing it in a 
new Suborder, Aeroplanoptem, I have taken a couree which will 
sen'e to indicate the dogi'ee of affinity of the fossil to the rest of 
the known Pretodonata, while leaving it open bj any other ento¬ 
mologist, if he considers this affinity insufiiciently established, to 
raise the new Suboider to the status of an Order. 

In conclusion, it seems to me quite possible that this extra¬ 
ordinary fossil may have held much th» same position in the 
Order Protodonata, with respect to the Meganenridte^ that tlie 
advanced Agrwiiidm hold to-day, within the Older Odonata, 
with respect to such gigantic, archaic types as Petedura* If 
that be so, its existence in the Upper Triassic—at a time when, 
it is to be presumed, the rest of the Order had died out-^need 
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octMision us no surprise, but is mthcr to lie expected; just as we 
may expect that the more advanced Draii^nflieH of to-day will 
n>main in existence, long after Pfitalnra has become extinct. 
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EXPLANATION OF PLATES XLIV.-XLV. 

Plate xliv. 

Fig. 12 .—Avroptaua mim/iiVis, n.g, et sp. Pnnoipal preserved portions of 
the wings; ( x 7). 

Plate xlv. 

Fig8.13-l4,---4fro/Vtt7Wt n.g. et sp. Restoi-atiun of fore- and 

hiiulwiugs; ( x4i. Fig.LI, forawing; tig. 14, hindwirig. 
lA, analis; C, costa; Cii,, Cua.the two branohes of the cubitus; 
tlie seven principal branohes of the media; R,, main stem of ludius; Rs, 
radial sector; So, sulicosU. 


PoBTBCRiPJ' (ndied July Uth, 1918 ).—The following important 
changes of nomenclature have to be made:— 

Mmtpmuirpa Tillyard, 1918 (Type, H. fvtanamattfnaia Till- 
yard, Upper Triassiu of Glenlee, K.a-W., ’Mecoptera,) becomes 
Mnopanoiyudet, n.n.; preoccupied Iqr MMOpanorpa Handlirwh, 
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1908 (Type, M, fMvhmyi Biuuer, Redtenb. k Ganj^lb., 'Middlt^ 
JurasHic of Uwt Balei, Hiljeria). The family ^h8o^M%iUM*^pidfr 
Tillyaid becomes the family Me»apamn* 2 )odidf 8 ^ ii.n. {Sn^ Till 
yai*d, These Piweedinjjs, 1917, xlii., Pt.4(1918), pp.746-7). 

Cr**ayriH Hagen, I860 (Type, 6'. Oliv,, Neuroptera 

Planipennia, Europe) beaiines ii.ii.; pitH>ocupied by 

Grmyris Nietiier, 1857, a genus ai Coleoptera, Fam. Carabidm. 
I am indebted to Mr. T. O. Sloane for this discovery. 
Tillyard, These PiTKjeediiigs, 1918, xliii., Pt.l, p.I22). The 
tril^e Crmyrini Infcoines the tribe C7*eol**fmfitn\ ii.n.- -U.J.T. 

PosTHCRiPT {addrd August ?ih^ HUH ),—The title of Part ii. of 
this series of Studios should lie amended as follows:— 

For Wood wal’d)”, write 

^^^itlschnidiiipsU Jtirtderswnsu {y^ood\\Hxd\[^iCitchfiay* It was 
never intended to convey the suggestion that ^fJschsm is a st|b< 
genus of ^^sehnidiopsis^ and hence the order of the names must 
be altered as hew* shown.—R.J.T. 
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THE CARBONTFEROUS TRTLOllTTRf^ OF AUSTRALIA. 

By John Mitchrll, latr Pbincihal, Tkohnical Collroe at 
Nkwcahtle, New South Walks. 

(Plates xlvi.-liii.) 

Tntroiiuction. 

For many years, my collection has containcKl a number of 
Carl>oniferouB Trilobitos new to science. When the opportunity 
of. describing them presented itself, my first intention was to 
confine myself to these specimens. On sul>sequent consideration, 
it occurred to me that palaeontological knowledge would be 
increased by extending the scope of my paper so as to embrace 
all previous work on the Carboniferous Trilohita of Australia, 
to describe all new forms that might be available from other 
sources, and review, r^dcscribe, and redetermine, where it might 
seem necessary, those species referred to by previous authors. 
It will bo found, in the course of this paper, that, in a number 
of instances, my views are widely divergent from those of pre¬ 
vious authors; and, while regretting this divergence^ it has not 
arisen through rashness or want of reflection on my part; and 1 
may candidly affirm that my inability to i*econcile the deter¬ 
minations of previous authors with my own, in some cases, was 
the only unpleasant part of the work expended on this paper. 
My aim is to clear the literature on the Australian Carboniferous 
Trilobita, to date, of errors which have undoubtedly beoome in¬ 
corporated therein. This aim is one not likely to be fully 
realised, but it will be my endeavour at least to lessen them, 
and, if 1 succeed in doing this, 1 shall be satisfied. That the 
present paper is free from errors is not one of my expectations, 
for with reference to my conolusions in respect to P, woodtoardi^ 
I em not by any means satisfied; and I shall await with some 
anxiety, the discovery of better petrifactions of the remains of 
this species, to make certain what its complete form actually 
was. 


33 
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The disoovery of the genus in the Mount 

Morgan district will be of much assistance in establishing the 
geological age of that area, and also in correlating its sedimentary 
rocks with those of other localities. For reasons which will be 
obvious, the name FhilHpsia dubia has been discarded by me. 

To Messrs. W. S. Dun, Faleeontologist, Department of Mines, 
Sydney, R. Duiistan, Chief Government Geologist, Brisbane, and 
H. A. Longman, Director of the Queensland Museum, Brisbane, 
T am indebteil for specimens placed with me for ins(>Gcti(»i and 
description, and for which I tender to them iny thanks. To Mr. 
R. Etheridge, J.P., Director and Curator of the Australian 
Museum, and to Mr. Dun, my thanks are tendered for affording 
me access to literature. I am very grateful to General A* W, 
Vogdes, of San Diego, TJ.S.A, Bibliograpbist and Authority on 
PaliDOKoic Crustacea, for supplying me with notes on the classifi¬ 
cation, and a list of the Carboniferous Trilobites described to 
date. Lastly, I wish to express my thanks to Mr. F. U. Cowper 
Heed, M.A., F.G.S., Acting Keeper of the Sedgwick Museum, 
Cambridge, England, for supplying me with a number of his 
valuable papers, from which 1 have received much help. 

Bibliooraphy of Australian Carbonifrrous Tkilouitrh. 

(1) .—1847. Prof. McCoy (Ann. Mag. Nat. Hist., xx., p.2Sl, 
P). xii., fig. 1) described iirachymeiopug ilrzeUckii and referred to 
the occurrence of the genus PhiUip$ia in Australian Carbonifer¬ 
ous rooks. 

(2) .—1872, B. Etheridge, Senr., (Quart. Journ. Qeol. Sue., 
Vol. xxviii., p 338, PI. xviii., fig.7) described Oriffitkiden dttfrtns, 
which, from the description, would appear to be an abnormal 
species. 

(3) .--1877. De Koninok (Foss. Pal. Nouv. Qalles du Sud, 
Pt. 3, p. 848, etc., P1.24, figs. 8, 9, 9a, 10, lOo, 108, and lOc) de¬ 
scribed and figured Qr%ffithid»B (PhiUip$ia) ^ickwaldi FisSher, 
PhUUpaia (Ori£Uhid€9) ieminifera Phillips, and Brachymtiopu* 
$lTuUckii McCoy. 

(4) .—1892. B. Etheridge, Junr., (Gcol. and Pal. Queensland 
atid New Guinea, pp. 214-216, PI. xxi., figall-H; PI. vui., figs. 
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5, 6; and PI. xL, figs. 4,6,6) described the following: - PhillipBin 
dubm^ P,WQodwardi Ebh. fxl., Phillip»ia{^i sp. ind., fur wliicli he 
suggested the specitic name Griffithiden var. au$- 

tralwiica^ from Queensland. Also in the same year [Mem Geol. 
Surv. N. S. Wales, Pal., No.5, Pt. ii., pp.l26*l30, PI xxi., figs. 
1-4, 5 (and Text-fig.fi), 6, 7, H; PI. xxii., figs. 12-15], the same 
author described PhilUp^xa dubta, P, gianditt, l^hUlipnia spp. 
ind. (two, a and 6), and Orijilhiden^ sp. ind. 

(6). 1903. P. R. C. Reed, M.A., P.G.S. (Geol. Mag., Dec. iv., 

Vol.x., No.4fi7, pp. 193-197) redescrilied hvfudiyviitioputi sirztltvkii 
McCoy, and added valuable remarks on its generic and specific 
position. 

(6) .—1917. R. Etheridge, Junr., (Geol Surv. of Queensland, 
Publication No.260) made additional reference to the occurrence 
of Phillipnia grwidxB in Queensland. 

(7) . —Besides the aliove descriptions and determinations, B. 
Etheridge, Junr., referred a fragment of a pygidium from West 
Coerdawandy and the Yaltra Mtns., on the Gascoigne River, 
West Australia, to his species PhUlipnia grandu (MS.). 

Chitical Hrvikw of thb Carbonifkrous Triloditrs of 
Australia, prkviously dbscribrd. 

Order TRILOBITA, 

Family PROmiDiB. 

Genus Brach ym kto pua McCoy, 1847. 

1. Brachyhbtopub sTKZKLKCKii McCoy, Ann, Mag. Nat. Hist., 
XX., 1847, p.231, PI. xii., flg.l. 

Since this species was descrilied by MoCoy, no specimens of it, 
or of any other member of the genus, appear to have been found 
by collectors, though on the occasion of the first find at Dun- 
vegan, N\ S. Wales, quite a number seem to have been obtained. 

0«nn« Phillipiia Portlook, 1843. 

To Prof. MoCoy we owe the first reference to the occurrence 
of this genus in Austmlin (toe. ett. anfaa). 
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2 . Phillipbia biohwaldi De Kon., <non liickmddi Fischer) 
Fosfl. Pal. Nouv. Qalles dii Hud, 1877, Pt.3, p.348, t.24, f 9. 

Under the name of Gr[ffiikidt9 {PhillipHxa) eichwaldi^ De 
Koninck described a trilobite from Colo Oolo, N.S.W,, and de¬ 
termined it to be P. eichtvaldi Fischer; but, as the writer points 
out further on, this determination was evidently incorrect. Mr. 
Etheridge, Junr., expressed a similar view (Etheridge, J unr., lylein. 
Geol. Surv. N. S. Wales, Pal. No.5, Pt. ii., 1892, p.l24). There 
is little doubt that the presence of this trilobite in Australia 
remains yet to be established. 

3. Phillipsia dubia Etheridge, Junr., (non Griffithides dubius 
Etheridge, Henr.) Geol. and Pal. Queensland and New Guinea, 
1892, pp.214-215, PI. vii,, fig.5; PL xliv., t)g.4. 

Phillipsia dubia Etheridge, Junr., (non Gviffithides duhiua 
Etheridge, Henr.)Mem. GeoL Hurv. N. S. Wales, Pal. No.6, Pt. ii., 
1892, p.l26, PL xxi,, figs. 1-4, PL xxii., figs. 12, 13. 

The above two forms were considered by Mr. Etheridge, Junr., 
to be specifically identical with Oriffiihidta d!ii6tiis Etheridge, 
Henr.; and the latter to be generically misplaced. The writer 
regrets that, with this determination, he cannot agree witli Mr. 
Etheridge. It appears to him tViat neither of the above trilobites 
is specifically identical with Grijfithides d[n5iRs £th. Henr., nor 
with each other. Mr. Etheridge, Junr., when describing the 
trilobite from Binge Berry, Rouchel Brook, Now South Wales 
{loc. ciU anlea) pointed out that it differed from the Queensland 
form in having eighteen to twenty axial rings in the pygidium 
instead of eight to ten, which is the number in that of the 
Queensland form. This alone is sufficient to separate them 
specifically; but the head-shields of the two also differ. Both 
forms are here treated as separate species. The writer's view 
regarding the Queensland Phillipsia dtdna is, that it cannot at 
present be generically or specifically joined with Griffithides 
dubiua; and that the latter species must still be recognised. 
Only the discovery of a number of specimens of this form, show¬ 
ing the stages of development from the immature^ to the mature 
statcL can satisfactorily establish the proper position generically 
and abeciflcally of Orifithidas dubitss Etb. Senr.,. 
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4. Philmpsia orandis Etheridge, Junr., Geol. and Pal. Queens¬ 
land and New Guinea, 1892, p.215. Etheridge, Junr., Mem. 
Geol. Surv N. S Wales, Pal. No.5, Pt, ii., 1892, Text-fig.5, and 
PI. xxi., fig.5. Ktlieridge, Junr, Geol. Surv. Queensland, Fuh- 
licatioii No.260, pp.11-12, PI. iii., fig 3. 

ft is unfortunate that Mr. Etheridge placed these two forms 
specifically togotlier. They are quite dififerent, atid are so 
treated hy the writer. Tn descriinng them, their differences 
will 1)6 fully shown As the Queensland form was the one for 
wliioh the specific naino grwiydiB was first suggested by Mr. 
Etheridge, it is proposed that it should continue to be known by 
this name. To the New South Wales one, a now specific term 
will he given. 

The name graruiu is quite appropriate for cither of the forms; 
because their pygidia are larger than those of any other known 
Carboniferous trilobite. 

5. PjilLLiBsiA WOODWAROI Etheridge, Junr., Geol. and Pal. 
Queensland and New Guinea, 1892, p. 216, PI. 7, figs.ll, 13; PI. 
44, figs. 5, 6. 

This is a singular species, to which some refei^nco will l>e 
made later on. 

6 . Besides the foregoing species of Phillipaia, which have been 
specifically determined, Mr. Etheridge described two pygidia 
from Bingo Berry, Kouchel Brook, and near Paterson, respect¬ 
ively, and referred tliein to this genus, but did not give tljciu 
specific rank. 

7. (a) PiiiLLiPBiA sp. ind. (a), Etheridge, Junr., Mem. Geol. 
Surv. N S. Wales, Pal, No, 6, Pt. ii., 1892, p.l29, PI. xxi, figs. 
6 - 8 , 

(b). PHinuPBlA sp. ind. (6), Etheridge, J^mr., op, ct^, p. 129, 
PI. xxii., fig, 14. , ' 

Both of these will be redescribed and named. 

Genus GBirFiTHioas Portlock, 1843. 

8. Griffithidbs dubius Etheridge, Benr., Quart. Journ. Geol. 
Boo., 1872, xxviii,, p.3S8, t.l8, f.7. 
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The writer io of the opinion that tliis species should still bo 
recognised. Its description is the first record of the genus in 
Australian rocks. 

9. GniFFiTUiOES BKMiNiFEKUs Do Koiiinck {non Phillips, 
species) Foss. Pal. Nouv. Galles du Hud, 1877, Pt.3, p.348, t.24, 
f.9, 9a. 

That this determination on the part of 1)e Koiiinck was in¬ 
correct, there is really no doubt. It is fully dealt with in the 
observations on the relationship of colliusi to other 

species, described further on. 

10. Griffithides sEHiNiFEiius var. AUBThALASieA Etheridge, 
Jutir., Geol. and PaL Queensland and Now Guinea, 1892, p.216, 
Pl.vii., fig,14. 

The material used by Mr. Etheridge for his description of the 
above is before me, and, after close examination of it, I am 
doubtful of the correctness of Mr Etheridge’s conclubions. The 
pygidia, by which his conclusions weie greatly influenced, ha^e 
each thirteen and eleven axial and pleural divisions respectively; 
and, in this respect, agree with pygidia placed by mo with his 
P. wooUuwdi. All these pygidia agree in their ornamentation. 
As regaitls the cephalon associated on the specimen with these 
pygidia, it does not appear to differ in any essential from two of 
those included by Mr. Etheridge in his P, njoodu:ardi% except 
that, in the latter, the granulation has been worn off by weather* 
ing. On the glabella of the former, it is true, no anterior or 
mesial glabellar furrows are visible, but this glabella is a very 
imperfect intaglio. If it should ultimately be shown that this 
fossil is a good species, it will not, oven then, be closely related 
to 6rV. because it possesses supplementary basal 

lobes, and the latter does not. This difference certainly places 
them specifically apart. It may be stated that, so dfkposed was 
1 to the opinion that this was a separate species, that 1 had 
written admription of it under a new name, but not being able 
to discern uy difibrence in the pygidia now under discussion, 
and those ^have placed with P. fvoodwofdi^ I deferred final 
judgment* 



BY JOHN MITCHECK. 


443 


11. Griffituides swBETi Etheridge) Junr., Proc. Linn. Soc. 
N. S. Wales, 1894, p.528, PI. xxxix., f 3. 

The writer has not scon the original specinten. Judging from 
the description and illustration, it is a very unusual type. See 
description further on. 

12. Griffithides sp. ind., Etheridge, Junr., Mem. Geol. Surv. 
N. S Wales, Pal. No.5, Pt ii., 1892, p.l30, PI. xxii., figs.l5, 16. 

It is not improbable that this may be identical with PhillipBta 
colliuHi, 

From the foregoing review, the following conclusions have 
been drawn, viz.: -- 

i. That, of the nine species of Australian Carboniferous trilo- 
hites previously described and named, only the 6ve following are 
worthy of recognition. 

1. hra/chymeiopuB Bh'zelwkii McCoy. 

2. OriffithidBB dnbiuB Eth. Senr. 

3. GriffiihitieB Bweeti Eth. Junr. 

4. PhUlipBia wo<}dwardi Eth. Junr., Geol. et Pal. Queens¬ 

land and New Guinea, p.213, PI.7, figs.ll, 13. 

3. PAiZ/rpria yranrfts Eth. Junr., of which the type is the 

Mt. Morgan form. Mem. Geol. ISurv. N.S. Wales, Pal. 

No.5, Ft. ii., 1892, p.128, PI. xxi., fig.5. 

ii. 'rbat the two determinations made by the late Prof. Do 
Koninck are incorrect, and scientifically valueless. 

Family PUOETlDiB Steinb. 

Genus Piullipsia Portlock, 1843. 

Dr. H. Woodward’s* description of the genus is as follows:— 
** General form oval; glabella with nearly parallel sides, marked 
by either two or throe pairs of short lateral furrows; the posterior 
angles, forming the basal lobes, always separated by a circular 
furrow from the rest of the glabella; eyes large, reniform, surface 
delicately faceted; cervical furrow deep; fre^ cheeks separated 
from the glabella by the axal (facial) suture, which forms an 
acute angle with the circular border of the^cheek in front of the 


* Mon. Brit, Garb. Triiobites, 1888-4, p.ll. 
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glabella; whilet the facial suture outs obliquely across the pos¬ 
terior margin, just behind the eye, leaving a small pointed por¬ 
tion fixed to the glabella by the neck lobe; angles of the cheeks 
more or loss produced, margin of head incurved, forming a 
striated and punctured rim. Thoracic segments nine in number, 
the axis distinctly marked off from the side-lobes or pleuras by 
the axal furrows; the abdomen or pygidium usually with a 
rounded border, the axis composed of from 12 to 18 coalesced 
segments.” 


Phillips!A colunsi, Hp.nov, 

(Ph xlvi., figs.1-5; PI. xlviii., figs.8, 9; PI. ULf fig.4). 

Sp, CAars.--Complete form elongately ellipsoidal. 

Uephalon sub-semiclliptic, moderately inflated, densely tuber- 
culate<i; glal)eUa sub-oblong or sub-bellshaped, narrow, upper 
surface flat, steep and straight sided, densely crowded with pro¬ 
minent tubercles of variable sizes; medially the tubercles are 
arranged in four subhmgituditial rows, those on the anterior part 
are subconccntric; front gently rounded and bearing a concentric 
row of tubercles; lateral lobes and furiows distinct, the basal 
pair altogether circumscribed, and bearing a varying number of 
tubercles, one usually much larger than the others; limb narrow, 
with a gentle upward turn, sraootli or very finely granulate; 
neck-furrow distinct, narrow, and deep behind the basal lobes; 
neck-ring strong, moderately arched and tuberculate, its lateral 
extensions being narrow; fixed clieeks very small, eye or palpe¬ 
bral lobes bounded by tubercles; eyes apparently crescentic; free 
cheeks unknown. Axial furrows distinct; facial sutures ante¬ 
riorly very gently sinuate (almost straight) and close to the 
axial furrows; posteriorly straight, and almost at right angles to 
the axial line, and at last cutting the fixed cheeks with a sharp 
backward turn. 

P/iomw oblong, moderately inflated and granulated; axis pro¬ 
minent, the rings centrally and at the bases mildly curve forward; 
hues feebly tuberoulated, width equal to that of one side-lobe, 
mMian sulci of the rings narrow; pleurie convex, medial furrows 
of segment wide and shallow^ and reaching the distal end, 
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whiuli is rounded; each posterior segmental ridge Ijcars a row of 
tubercles, as do also the axial rings; axial furrows distinct. 

Pygidium semi-ellipsoidal, moderately tumid and strongly 
tuberculate; proportion of length to width equals 3; 4 approxi¬ 
mately; axis has fourteen rings, prominent, dorsally depressed, 
sides steep, contracting very gradually posteriorly to about half 
the anterior width, terminating bluntly and somewhat overhang¬ 
ing the border, the rings bearing tubercles which vary in number 
with their spread from two or more on the posterior ring, to 
eight on the anterior ones, and not exactly forming longitudinal 
rows; axial furrows pronounced; pleurie very convex, arching 
from the axial grooves at first gently and then steeply to the 
narrow furrow separating them from the boi*der, where all the 
segments, except the anterior pair, end, segments ten in number, 
each succeeding one having a gently backward trend, and dimin¬ 
ishing in length till the last two pairs are represented by mere 
tubercles. Each segment bears a row of tubercles along the 
posterior ridge varying in number with its length, from ono to 
ten, and perhaps iu some instances more; medial segmental 
furrows wide and shallow, reaching to the faint furrow within 
the border; tho border itself is fairly wide, and thickened, and, 
in normal specimens, has the same convexity as the ph'ural riiis; 
it bears a row of conspicuous tubercles usually placed in lino 
with each rib, and three to five behind the axis, these tubercles 
being occasionally elongated or double; when the thickenefi por¬ 
tion is removed, the undersurface shows concentric striatioiis, 
which is a common feature in the Proetidn. Only the first pair 
of the pleural segments interrupts the continuity of tlic bolder. 

0h$ —This species is quite singular. Its outstanding features 
are:—1. The narrow, straight-sided glabella. 2.'J'he crowded 
and conspicuous tuberculation of the glabella. 3. Tlie equality 
of the lengths of the pygidium and thorax. 4. The width of tho 
thorax, which equals half the total length of 4;he complete indi¬ 
vidual. 5. The closeness of the eyes to the axial.groove. 6. The 
straightness of the anterior branches of the facial sutures, and 
their parallelism to the axial furrows. 

Dimensions; total length of an individual not quite mature, 
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one inch; width, half an inch; cephalon, one quartor inch; thorax 
and pygidiurn, each three-eighths of an inch. 

In the proportions of length to width, and the cliararter of 
the pygidial granulation, this triiobite agrees with i*. gnmfnu- 
lifera Phillips, with which it also agrees in the equality of the 
lengths of the thorax and pygidium. In other specific features, 
they diflTer. In the cephalons and pygidia of F cotlimi and P. 
irunmiula^ there is much common to the two. They agree in 
possessing narrow, straight-sided and tul»erculate glabellas, eyes 
close to the axial furrows, and similarly tuberculated pygidia; 
but the tuberculation on the glabella of the former is much more 
pronounced than it is on the latter, and the sinuate course of the 
anterior branches of the facial sutures of the latter is more pro¬ 
nounced than that of the former. The pygidium of truncaiula 
has seventeen or eighteen annulations in the axis, and fourteen 
divisions in each pleura; but in P. eofftnst, these parts 
number fourteen (or thirteen and a terminal piece), and ten 
respectively. In the former, the pygidium has no border, and 
the pleural ribs extend to the peripliery; on the other hand, the 
latter species has a very distinct pygidial border, which, except 
in the case of the anterior pairs, the pleural ribs do not cross. 
The tubercles of the pygidial axis of the former are arranged in 
longitudinal rows; this is not quite so witli those of the latter. 
Of the Nortli American Phillipsite, the nearest relative to ours 
appears to be P, tnsi^nw, which apparently has the same numl^er 
of divisions in the axis and pleutte of the pygidium, as are in 
the similar parts of P. e^linsu The tuberculation of the axial 
rings is much alike in the two species. In other respects, they 
differ rathor widely. The only Australian Carboniferous triiobite 
fragments bearing any resemblance toP. eolliuBi are two pygidia 
described and figured, but not named, by Mr. Etheridge, Junr,* 
The one pygidium he placed in the genus PMUifBia (loc, ct^., PI. 


xxii., tig. 14). It agrees with P. in possessing fourteen 

rings in the pygidial axis, and in having a tuberculate test; but 
dnFers in having a continuous, smooth, flattened border, and 
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twelve pleural segments, and leas disparity between length and 
width of the pygidium. 

The pygidium (loe. PL xxii, fig. 15) placed by Mr Ether¬ 
idge in the genus OriffithidM^ Ixsars a resemblance to the present 
species in the character of its border and granulation, and in 
having the same number of pleural segments; but its axis has 
less rings, and ends in a sharp point. 

Jjastly, referring to De Koninck’s P. (GriffiUiidB9) Beminifera 
{non Phillips sp.)* from Colo Colo. The dimensions, number of 
rings in the axis of the pygidium, character of the granulation 
generally on the pygidium and thorax agree closely with similar 
features of P. collin$i; but the two forms widely differ in the 
outlines of their glabelln and pygidia, if De Koninck’s figures 
are to be relied upon, which is doubtful, as they do not agree 
with the text. In the former, the glabella is represented as 
being conical in outline; and, in the latter, it is said to have an 
anterior width slightly less than that of its base. Whatever 
* PhiUip$ia {OriffiUiideB) BBminiJh^ De Kouinck, may have been, 
it is practically certain it was not Griffithidem Bemin^eruB 
Phillips; but it may have been identical with the present species. 

Named after Mr. Collins, C.C.M., Lecturer in Coalmining and 
Mine Surveying at the Newcastle Technical College. 

Loe and /Tor.—Qleii William Uoad, one mile from Clarence- 
town, Parish Parr, County Durham. Jx>wer(?; Carboniferous. 

PHlLt.IPSia COU1.TER1, sp.tlOV. 

(Plate xlvL, figs 6-10). 

Sp. CharB. —Complete form subelliptic. 

Cnphalm sub-semielHptic, fairly inflated, finely granulated: 
glabella subrectangular, rounded in front, lateral furrows and 
lobes not visible, owing to the loss of the part bearing them, and 
the exposure of the hypostome; neek-fiirrow shallow, its lateral 
extensions across the cheeks shallow and wtde> neck-ring narrow; 
axial furrows faint. Fixed cheeks small. Free oheeks relatively 
large, strongly inflated, steep between the eye and border-furrow, 
which is wide and shallow, outer edge of border only moderately 

* FsL Fobs. Kouv. Gallea du Hud, 1877, p.267, PI. xxix., figs. U, go. 
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thickened. Eyes prominent^ large, crescentic and faceted, 
(xeiial angles rounded. Hypostome alate, shield like, and striated 
in tlie fashion common to Phillip&i». 

Tktivax 11 mm. wide and 9 tiini. long, appearing to have l>een 
finely granulated, with a few scattered tubercles; straight-sided. 
Axis very strongly and acutely arched, rings, centrally and 
liasally, strongly inclined anteriorly, each one liearing along the 
medial line a rulh*T pix»minent tubercle, giving the axis through¬ 
out a serrated character; spread equal to that of one 8ide-lol)e, 
mildly tuberculate, height and width diminishing gradually pos¬ 
teriorly, axial grooves faint. Flcurie gently rising from the 
axial grooves to the fulcra, thence steeply deflected, mesial fur- 
raws of the somites shallow and wide, and reaching the extremi¬ 
ties, which are rounded; along the fulcral line each rib bears a 
tubercle on the postenor ridge, and there is evidence of the 
presence of general fine tuberculatiou or granulation. 

Pygidinm semielliptio, length 8 mm., width 10 mm. Axis 
very prominent, the first ring having a medial forward trend, * 
rings eight or nine, counting the end-piece, which is buttress¬ 
like, and ends at the border in a rather fine |K>iiit, and bears a 
subconspicuouB tubercle. Picune with seven divisions, all rather 
inconspicuous in the specimen (decorticated) serving for this de¬ 
scription, mcxleratoly convex; mesial furrows very shallow and 
reaching to the faint furrow within the border, each segment 
bearing a tubercle at the fulcral angle, and showing traces of 
other tuberculatioD, as do also the axial rings; the border is 
relatively wide, steep, gently thickened, and bounded inwardly 
by a faint furrow, and is crossed only by the first pair of ribs. 

068.—Though the glabellar furrows and lolies are not visible 
in the specimen described, the shape of the glabella and character 
of the hypostoroo leave no doubt as to its being a Phillipsia, and 
the specimen is one of the finest of this genus yet discovered in 
Australia. It diflTers so widely from other Australian species 
that there is no need to detail its relationship. 11 bears no close 
relationship to any of the American Phillipsin referred to in 
Brigadier General A. W. Vogdes’ Monograph.* 

* Oenera and Bpeoies of North Amerioan Oarb. Xrilohitw,” 
Annals it. V. Acad.. Soi., 1888, vi. 
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The species has i>een named after Mr* E. Coulter, of Katoomba, 
an enthusiastic student of ;,'eology, who discovered and presented 
the specimen to tlie author. 

Loe, and //or.-Stroud-Dungog Boad, near Dungog, Parish 
Howick, County Durham. Lower Carl)oniferou8 

PllILLIPSlA BKKVIGKPS, Sp.noV. 

(Plato xlvi., figs.ll, 12; and Plate H., fig.2). 

Sp, CharB» — Complete form unknown. 

Cephalfiu appai*ently subsemicircular, finely granulated. Gla¬ 
bella straightsidod, rounded in front, very gently convex, 
highest just in front of the neck-furrow, smooth, though a lens 
shows evidence of microscopic granulation, two pairs of lateral 
furrows visible, basal and mesial. The former very shallow and 
circumscribing the basal lobes, which are large and pyriform; 
the other narrow; neck-furrow narrow and shallow; neck-ring 
relatively wide, decidedly arched Wkwardly and lobed at its 
liases; frontal limb narrow and gently recurved. Kixed cheeks 
very small, eye-lobes small, and abutting the axial furrows. 
Facial sutures anteriorly rather straight and close to the axial 
furrows; eyes of moderate size only, judging by the size of the 
palebrai lobes. 

Thin*ax unknown. 

Pygidinm sub-semielliptical, moderately convex, very finely 
granulated; width lOmrn., and length 7 mm. respectively. Axis 
prominent, consisting of thirteen rings, and a very narrow etid- 
piece, spread equal to that of each side-lobe, contracting very 
gradually posteriorly, and terminating short of the border, 
rounded and bluntly, with half its anterior width; some of the 
rings bear very fine tubercles, barely distinguishable without 
the aid of a lens; side-lobes moderab^ly convex, with ten, or 
doubtfully eleven, pairs of segments, of which the medial furrows 
are distinct, and, in the case of the four anterior pairs, at least 
reach the edge and interrupt the narrow border; a few of the 
posterior segments bear very small tubercles at their junction 
with the border, and three similar tubercles occur behind the 
axis, on the axis itself Centrally the postenor ridges also bear 
fine tubercles. 
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Ah will he apparent front a eomparison of the above 
deKcription with that of P. dtrhiBHsis Martin, the two fossils 
agree in several important features. For example, in l>oth the 
glabella is parallel-sided and practically smooth/anterior facial 
sutures rather straight and close to the axial furrows, eyes reni- 
foriii, pygidial axis with thirteen rings, and ten segments in the 
pleurre; and the pygidial borders obsolcscing before reaching the 
articulating face; in the equality of maximum widths of the axes 
ufid pleurea of the pygidia (this is only true in the case of the 
above species when the plenrse are measured obliquely, and not 
the actual horizontal widths; if tiieasureiJ in the latter way, tlie 
axis is wider than one pleura) and the faint tendency to orna¬ 
mentation on these parts. Against these resemblances, there 
are the following differences to be considered. The length of 
the glabella of the local species, measured from the neck-furrow 
to its front, is equal to its width lietwoen the axial furrows 
across tlie basal lobes; in that of /*, derbienrin^ these dimensions 
are respectively about 4 ; 2. The eye-lobes are shorter, and the 
frontal border wider, neck ring more intensely arched posteriorly 
in the local form than in the Hritish one, The distinct lobation 
of the bases of the neck-ring, relatively short cephahm, and the 
almost equality of the lengths of the cephalon and tail are very 
marked features in the local species, separating it from the other. 
Then there is the distinct, though fine, granulation, more or less 
tuberculation of the pygidium of the form now described, as 
against a practically smooth one in the other. Further, judging 
from the anterior pair of pleural segments of the pygidium, the 
thoracic pleural ribs were not imbricated, in the case of the local 
species. Although undoubtedly closely related to each other, I 
have concluded that the differences between them are sufficient 
to justify their separation speeifioally. 

The glabelin of the above species and froetm »iissou?‘ienst« 
are much alike. I am indebted to IMgadier General Vogdes* 
paper wnUa) for the references made to American Car¬ 

boniferous trilobites. 

Zee. and //or.^-Neighbourhciod of Port Stephens, probably 
from near Bulladelah. Oarbotiiferous. 
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Phillipbia proxima, sp.nov. 

(Plate xlvi., figs. 15,16). 

Sp Cltar$.^Pptjidium semieiliptical, fairly convex, practically 
smootli, so fine is the granulation. Length 12 mm., width 15 
mm. Axis strongly convex, rings twenty, tapering posteriorly 
very gradually, and ending Utintly at the border, with a spread 
of about half that of the anterior ring; axial furrow shallow, but 
distinct. Plounc gently convex, consisting of twelve pairs of 
ribs, the last one or two very .short and faint, all terminating at 
the border, which is continuous to the articulating face and sub- 
depressed; medial furrows of the segments, except in the cases 
of a few of the posterior paiis, ^cll defined, anehylosing ridges 
also fairly prominent: furrow separating border and pleural ribs 
distinct. 

This pygidium agrees with that of Phillipsia eichwafdi 
Fischer, in the continuous smooth and somewhat depressed 
border, and the character of the pleural segments. The most 
important differences between them are—(I) the pygidium of 
P. eichtvfddi is just as wide as long, is distinctly granulated, and 
the distal axial end does not seem to be prominent. 'I'be 
pygidium above-described has a length only four-fifths of its 
width, and is practically smooth. The total length of the pygidia 
of mature individuals of the former, as shown by the beautiful 
figures in Dr. H. Woodward’s work* is 9*5 mm., that of the 
latter is 12 mm. The large number of rings in the axis of ours 
places it far apart from the other. Named because of its close 
resemblance to P. eichtvtddi Fischer, in shape. 

Loc. avdilor .—Qlen William Road, near Clarencetown, Parish 
Parr, County Durham. Lower Carboniferous. 

PHlLLlPSIA(t) ROBUSTA, sp.nOV. 

(Plate xlvii., figs.! and 8). 

PhUlip$ia grandtM Eth.fll., Mem. Qeol. Surv. N. S. Wales, No. 
6, Pt. ii., 1892, p.l28, text-flg.5 (non PI. xxi., flg.6). 

Sp. Chari.-- Cephaim and iharaos unknown. 

Pffgidium subsemicircular, strongly convex, very finely granu- 

* Mon. Blit. Carb. Trilobitas, 1883-4, PL iv., figs. 9 and 18. 
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late, greatest width 44 mm., length 26 mm., (the width here given 
is what the writer considers to he the normal, and is calculated 
from the width of the left side^lohe and half the spread of the 
axis, because the right side>lobe is distorted). Axis fairly pro¬ 
minent, evenly arched without any decided Itackward or forward 
inclination of the aniiulations, of .which there are fourteen; the 
furrows of these are wide and V-shape<l in section, ridges higli, 
edged, and bora some small tubercles, bases not tuberculate. 
Axial furrows shallow. Pleure very convex, arching strongly 
frain the axial furrows, and showing no decided fulcra; segmental 
divisions twelve pairs, which reach to the l>order, and are only 
gently directed posteriorly, except in the case of the last two 
pairs; their mesial furrows are V-shaped, wide, and reach to the 
ix)i'der, ridges high and chisel-edged, and show no sutures, hence 
the pleural segments in this pygidium were very completely 
fused: some of the ridges exhibit evidence of very fine and sparse 
tuberculation, anterior pair faceted. Border continuous, wide, 
steep, and its undersurface concentrically striated. 

Hus pygidium was described and figured by li. Etheridge 
Junr.,* and considered by him to be identical with a pygidial 
fragment fram near Mt. Morgan, Queensland, and for which he 
had previously suggested the name l^hill%p$ia grmidiBA Mr. 
Etheridge figured this Queensland specimen, when dealing with 
some New South Wales triiobttes.;^ The writer is unable to 
accept Mr. Etheridge’s determination of the identity of tliese 
two pygidia, for the following reasons. 1. The part of the 
pleural lube preserved on the Queensland pygidium shows fifteen 
segments, and, when complete, without doubt had several others, 
as against twelve in the New South Wales one. 2. Though the 
Queensliiipd tail, when complete, was apparently longer than 
that ol the New South Wales specimen, tlie greatest width of 
its pleural lobes was only 10mm., as against .Ifiinm, for that of 

* Mem. GeoL Survey N. 8. Wales, Pal. Ko.5, Pt, ii., 1892, p. 128, text- 
fig.0 {non FI. xxi., flg.5). 

t Jack Mid Etheridge, GeoL and Pal. of Queensland and New Guinea, 
1892, pp.215, 216. 

t Mem, Geol, Survey N. S, Wakii, Pal. No.5, Pt, il., 1899, PI. xxL, fig.5. 
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the latter. 3. In the Queensland one, tlie pleural segments 
along the ridges are separated by very distinct sutures; in the 
other, this is not so. 4. In the Queensland one, the border is 
not nearly continuous, for the three anterior pairs of pleural 
segments reach to the edge of the lobes, and these are the only 
ones which are perfect on the portion of the left and pleural lobe 
of the specimen. 5. The mesial furrows and ridges of the pleural 
segments are not alike in the two. 6. In the Queensland tail, 
there were not less than sixteen or more axial rings, but fourteen 
only In that of the other. 7. The axial grooves are deeper in 
the specimen from Queensland, than in the one from New South 
Wales. The two agree in the character of their granulations; 
but that of the Queensland one is the coarser. 

That the Queensland pygidial fragment represents a new 
species of either Phillipsia or Qriffithides, there is no doubt; 
and, to it, ray proposition is to apply the name PhillipBia grandii^ 
first suggested for it by my friend, Mr. Etheridge. 

P, Tohu9ta differs from all species of this genus, or of GrifBth- 
ides known to me. Mr. Etheridge, too, noted {loo- cif.) how 
different it was from foreign Carboniferous trilobites. 

Loc. wd Hot. —Bwain’s Conditional Purchase, seven miles 
south-east of Carroll, County Buckland (D. A. Porter). Car¬ 
boniferous. 

pHttUP81A(Y) HTROUDBNSIB, Sp.nOV. 

(Plate xlvi., fig.l4; Plate li., fig.ll). 

Sp- Cepkodm and Aoram unknown. 

Pygidium semielliptic, densely and finely granulate, moder¬ 
ately convex; greatest width 17 mm., length 16 mm. Axis only 
modelrately convex. Consists of twenty annulations, a few of 
the anterior of which have a very gentle forward inclination, 
centrally and basally; contraction posteriorly very gradual, 
terminating bluntly, and rounded at the border, with half the 
anterior width (3 nrm.), medial furrows of the rinp wide and 
shallow; anohylosing ridges not very prominent, but distinctly 
grannlated, anterior spread slightly less than that of one side- 
lobe, Axial furrows faint. Pleuris moderately convex, seg- 
mdits Afteen,‘the last hint^ anterior pair faceted, idl finely and 
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distinctly granulate, reaching to the border, and gently inclined 
backward (falcate). Medial furrows wide and shallow, reaching 
the border, ridges low. Border continuous, narrow anteriorly, 
gently increasing in width posteriorly, flat, densely and finely 
granulate. 

0h$, —This is a fairly large pygidium, as the dimensions given 
will show; but it is, in this respect, exceeded by both of the 
forms placed by Mr. B. Etheridge Junr., under the name of P, 
prandfts; but it has no specific relations with either of them. In 
the number of axial rings, it agrees with P, tUmgaia^ but not in 
other features. It is different from all the British Phillipsin 
the writer has been able to compare it with; and the same is 
true as far as the North American species are concerned. 

Loc and Hot, —Stroud, County Gloucester, N.S. W., associated 
with Orikii retupinata and Spirifor $tTiiidU9, Lower(?) Car¬ 
boniferous. 

Phxllipsia sufxrba, 8p.nov. 

(Plate xlviii., flg.16; Plate Hi., flg*S). 

Complete form unknown. 

Sp, Charo. — Cophahn semicircular or very nearly so, microscopi¬ 
cally granulate, practically smooth; length 6 mm., width just on 
double its length. Glabella subflddle-shaped, or suboblong with 
a very gently rounded front, practicaliy smooth, very slightly 
convex, and decidedly contracted at the middle; three glabellar 
furrows (doubtfully four), anterior pair or pairs very short, mesial 
pair falcate and very faint, posterior pair faint at their origin; 
inwardly wide and deep. Anterior and mesial lobes ill-defined, 
the latter indistinctly separated from the basal pair, which are 
small, reniform, and prominent, standing out from the posterior 
part of the glabella, like tubercles. Neck-furrow distinct, with 
a decided central and basal forward curve, its lateral extensions 
straight and well-defined, Joining with the lateral furrows of the 
free cheeks within the geual angles. Neok-ring strong, convex, 
centrally and basally anteriorly inclined, bases also gently tuber- 
oulate; lateral extension narrow and npt prominent. Axial 
grooves rdatively narrow, deep^ and sinuate. Limb narrow, 
with gently thickened and mildly raised margin. Facial sutures 



BT JOHN MITGHBIIL. 


455 


anteriorly gently sinuate, and posteriorly shortly obliquely 
curved. Fixed cheeks very small, palpebral lobe almost linear, 
but convex. Free cheeks relatively fairly large, subdepressed, 
border wide, depressed; margin very slightly thickened, furrow 
shallow, linear; bands just within the border, and the similar 
hands under the shallow, wide farrows beneath the eyes, bear 
rows of granules. Oenal angles apparently rounded. Eyes 
relatively large, reniform and faceted. 

05s.—This cepbalon is clearly separated from all other known 
Australian Phillipsin. In the shape of the glabella and possibly 
in the possession of four glabellar furrows, relative sise and 
situation of the eyes, it bears likeness to P. eiehwaUi; but it 
differs from that species in having a nearly semicircular cephalon, 
rounded genal angles, and in the absence of distinct cephalic 
granulation, and of genal spines. Also, it resembles P derbien$i$ 
Martin, in the form of the glaliella, small free cheeks, and cbar> 
acter of its facial sutures, small palpebral lobes, rounded genal 
angles, and widely differs in other respects. No North American 
PhilHpsiw known to the writer, have any close relationship with 
this ono. 

Zoo. anfi Hot ,— Supposed to have been obtained near Dungog, 
N,S.AV. 

Phii.lipbia(1) WATBBHOUsxi, sp.nov. 

(Plate xlviii., figs«l648; Plate Hi., fig.7). 

Complete form oval. 

Sp» Chara^—Cephalon subsemicircular, greatest length and 
width approximately 2 mm., and 4 mm., respectively; finely and 
densely granulated. Glabella subcylindrical, narrow, very convex, 
anteriorly sloping to the border rather steeply, basal glabellar fur¬ 
rows small; the anterior and mesial pairs are visible on the cover, 
basal lobes small, neck-furrows wide and deep, lateral extensions 
similar; neck-ring strong, very convex, its lateral extensions also 
strong; frontal limb narrow and close to the glabella. Facial 
sutures, anteriorly, only gently diverging laterally in their course, 
posteriorly short and oblique. Fixed cheeks smidt. Free cheeks 
moderately large and strongly in&ted, borders relatively wide 
and depressed; genal angles produced into spines iq>parehtly ex- 
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tending almost to the distal end of the thorax. Eyes crescentic, 
relatively large, faceted and depressed. Axial grooves shallow. 

Thorax apparently has the normal number of somites, eight 
being plainly recognisable by the aid of a lens, the whole surface 
finely granulated. Axis strongly and rather acutely arched, as 
wide anteriorly as one side-lobe] posteriorly diminishing gradu¬ 
ally, the fourth ring appears to be much stronger than the others, 
and resembles in this respect the neck-ring] all the rings are 
directed anteriorly, and bear a row of very fine granules on the 
ridges. 8ide-lobes strongly convex, ridges and valleys of the 
segments strong and deep respectively, ridges bearing rows of 
fine granules; segmental extremities faceted. Axial furrows 
narrow. 

Pygidium subtriangular, fairly inflated, granular throughout 
in a way similar to the thorax; axis prominent, diminishing 
rapidly posteriorly, .and terminating at the border with a moder¬ 
ately fine point; the rings appear to be eight in number. Side- 
lobes convex, made up of six pairs of segments, apparently. 
Border narrow, steep and continuous. 

06s.—In so smidl a specimen, it is a difficult matter to clearly 
distinguish its features; but, under a lens, they become discerni¬ 
ble. The glabella in shape slightly resembles that of a Griffith- 
ides; and had it not been for the presence on it of three pairs of 
glabellar furrows, I would have placed it in this genus. It is 
the smallest and most perfect Carboniferous trilobite belonging 
either to Fhillipsia or GrifBtbidea obtained in Australia. It 
may represent only an immature individual, but still mature 
enough to have all its chief parts developed. 

In the shape of the glabella and of the pygidium, this species 
is not unlike PhiUipnik Uoi Woodw., and P. mtnor Woodw, 

Dedicated to J, Waterhouse, M.A., Government Inspector of 
Schools, 

Lee. and Hot .—Probable Paterson or Dungog District, N.S.W. 
Chrboniferoita, ^ 

PaiLunu aiiOROATA, sp-nov. 

(PI, xlviL, fig8.S-6; FI. xlviii,, flg.l4; and PI, L, flgs,4-7). 
Phmiftia dubia Sth. fil., Mem. Qeol. Surv. N. S. Wales, PM. 
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No.5| Pt. ii., 1892, pp.l26, 127, P]. xxi., figs. 1-4, and FI. xxii., 
aga. 12, 13. 

' Oomplete form elongately oval. 

Sp, Chari,^C$phalan aub-aemielliptic, smooth, only moder¬ 
ately inHated, greatest length 12 mm., width between the genal 
angles 18 mm. Olabella long, narrow, sub-bellshaped, convex 
and prominent, highest between the anterior lateral furrows, and 
from thence sloping to the front, which is gently rounded; lateral 
furrows distinct, drst pair short, linear and gently curved, 
middle pair linear with a posterior curve, posterior pair wide, 
shallow and circumscribing the basal lobes, which are relatively 
small and suboval. Neck-furrow shallow, its lateral extensions 
shallow. Neck-ring narrow, with a strong forward inclination, 
its lateral extensions also narrow. Frontal border fairly wide, 
especially at the antero-lateral angles. Facial sutures strongly 
sinuate anteriorly, and posteriorly obliquely crossing the fixed 
cheeks nearly in a line with the outer edge of the thorax. Axial 
furrows deep. Fixed cheeks small. Eye-lobes small, crescentic 
and elevated. Free cheeks relatively large, depressed, border 
wide, space between the border and furrow beneath the eyes 
short and steep; and immediately under the eye is a groove. 
Eyes large, subcrescentic, very distinctly faceted, and wider 
behind than in front. Genal angles spinate, the spines evidently 
long. Thorax with the normal number of somites; length two- 
thirds of the greatest width, sides subparallel, surface smooth or 
very finely granulate. Axis prominent, rings with a distinct 
forward inclination centrally, and showing slight indication on 
the ridges of granulation, spread equal to one side-lobe; axial 
furrows faint; side-lobes sloping gently from the axial furrows 
to the fulcra, thence sloping fairly steeply. Mesial furrows of 
the somites distinct, and reaching to the extremities, the anterior 
somites shorter than the posterior ones. 

Pyyidium sub-semielliptio, convex, greatest widt]^ nearly equal 
to the greatest width of the thorax, and oonaequently just on 
one-third greater than the thoracic length. Axis very prominent, 
tapering gradually, and ending just within tha border at half 
ibe anterior width, rather prominently and rounded; annula- 
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tions twenty^ strongly arched; axial furrows distinct; side-lobes 
strongly convex, their greatest width equals the anterior spread 
of the axis; segments fourteen, all terminating at the inner 
boundary of the narrow border. 

06s.-^This very fine trilobite was described by Mr. R. Ether¬ 
idge/ and was determined by him to be identical with his P, 
dubia^f remarking, however, that the form now dealt with 
difiered from the Queensland one in the possession of eighteen 
to twenty annulations in the pygidial axis, while the former had 
only eight to ten. This of itself appears to the writer a sufficient 
difference to justify the separation of the two forms specifically, 
for, in no instance, has he found any Fhillipsia, or indeed any 
member of the ProetidiB, presenting such a wide variation in the 
axial annulations of its pygidium as is exhibited by these two 
forms. But there are other differences between the two forms 
of even greater specific importance than this one. The eyes 
and front limb of the glabella of F. elongata are relatively very 
much larger than those of P, 0 t<mvellm 0 is {P. dubia Eth. fil.). 
In the former, the facial sutures are more sinuate, the free 
cheeks more depressed, eyes more squat on the cheeks, lateral 
furrows of the free cheeks wider than they are in the latter. The 
neck-ring and thoracic axial rings in the former are non-tuber- 
culate basally; in the latter, these are tuberculate; the glabella 
of the former, too, is relatively longer and straigbter-sided than 
is the case in the latter. The former has a relatively narrower 
pygidial border, and is of a much larger growth than the other. 

The two forms, in many of their features, belong to the same 
typical group of Phillipsias, in which the glabellm diminish in 
width anteriorly, and are sub-belishaped, and the facia] sutures 
strongly sinuate in front of the eyes. The Britirii P. irunealuta 
is a good representative of the group. 

Loe. and //or.—Binge Berry, Boucbpl Brook, Hunter River, 
County Durham: (1>Allyn River, half a mile north-east of Gres- 
ford; County Durham (Cullen). 

* Mem, Geol. Snrveg N. 8. Wales, PaL No.S, Pt. ii., pp. 126-8. 
t GeoL and Pei Queenslaod and Ifew Guinea, p. 215, PL 6, fig. 5. 
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PhILLIPSIA ROOKHAMPTONBirBlS, Sp.nOV. 

(Platexluc.» figs. 9, 10; Plate 1^ figs. 8,9). 

Phillipuitk duJbia Etheridgei fil.« Oeol. and Pal. Queensland and 
New Guinea, 1892, pp.214-216, PL44, eg.4. 

P, ivoodwarai Bth. fil., op. ot^ p. 216, F1.44, fig.6. 

Complete form oblong-ovate. 

8p. CkarB-^Cephalcn 8ub>8emsetrcalar, appearing to have been 
very finely granulated. Glabella subcylindneal or conical, 
widest across the basal lobes, two lateral furrows visible on the 
left side, basal pair wide, deep, and very distinctly joining the 
neck-furrow, basal lobes small, very prominent and sub-pyriform; 
neck-furrow deep centrally and shallowed laterally by a very 
mild swelling behind the basal glabellar lobes, which can barely 
be said to be supplementary lobes, its lateral extensions shallow; 
neck-ring stronger and more convex than any of the axial rings, 
very faintly tuberculate at its base, front limb narrow, the 
margin being upturned and gently thickened; axial grooves 
narrow; fixed cheeks small; eye-lobe relatively large and gran¬ 
ulated; free cheeks fairly large, only moderately tumid, depressed 
but posteriorly high and sloping steeply into the posterior 
furrow, distinctly channelled under the eyes, lateral furrows 
wide, lateral borders of moderate width, mildly tumid, under¬ 
surface striated; facial sutures not distinguishable anteriorly, 
and posteriorly obliquely crossing the fixed cheeks rather close 
to the axial grooves; eyes of medium sixe, reniform, faceted, 
prominent and vertically narrow, genal angles bearing long 
spines. 

Thorax oblong, length equal to the width of the axis and one 
side-lobe, granulations microscopic, somites of the normal num¬ 
ber, axis strongly convex, wider than one side-lobe, diminishing 
posteriorly very gently and uniformly, anterior width in the 
specimen under notice being 6 mm., and the posterior width 
4 mm.; each individual ring has a decided anterior trend cen¬ 
trally and tuberottlate bases, ridges and valleys narrow, and on 
the former the articulating seams are plainly visible; side-lobes 
oonvex, steeply deflected from the fulcra, segassotal ends strongly 
faceted, axial grooves narrow. 
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Pygidium aub-aemicircular or sub-senaidliptie, length 7 mm., 
greatest width 1convex, distinct indications of granulation 
present; axis prominent, strongly convex, diminishing rapidly 
posteriorly, ending prominently near the margin of the border 
with about one-fourth of its anterior spread, its rings are twelve; 
axial grooves distinct; side-lobes convex, consisting of eiglit 
pairs of segments, the last two pairs being rather indistinct, first 
pair faceted; border of moderate width, gently tumid, continuous 
to the anterior pair of segments; undersurface striated. 

0b $,—This fossil was included by Mr. Etheridge with his 
species PhiUip$ia duhia {op ctt.), but not separately described. 
For so placing it, there appears to me to be insufficient reason. 
That the trilobite here described is not identical with Mr. 
Etheridge's P. dvJbia, {P, Mtwittllwsu mibi) may be made plain 
by an explanation of their differences. 

(1) . The free cheeks and eyes are different, as are their glabelloe; 
for though the glabella of the present species is not perfect, 
there is sufficient of it preserved to show that, anteriorly, it 
neither contracts nor droops as does that of P. duhia (P. 

(2) . The neck-furrows of the two also differ.. 

(3) . 1'he axis of the former is wider than one side-lobe; in the 
latter, the axis is narrower than one side-lobe, 

(4) . The axis of the former is much less prominent than that 
of the latter 

(5) . In the former, the length of the thorax is much greater 
than its oepbalio or pygidial length; in the latter, both the 
cephalon and pygidium are longer than the thorax. 

(6) . In the latter, the anterior pleural segments of the pygidium 
show distinct bifurcation; this is not visible in the former, 

(7) . The genal angles of the former are strongly spinate; those 
of the latter are not yet proven to be so. 

(8) . The middle lobe of the one is wide and moderately convex; 
that of the other, narrow and very convex. 

(9) . The angulation of the free cheeks of the former posteriorly, 
and their steep slope into the furrow are very mark^, but this 
is not BO in the latter. 
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The above differenoes clearly separate the two species. From 
all other Australian species, it is easily distinguished. 

Log, And Hot .—Rockhampton district, Comer Creek, Great 
Star River, Queensland. Carboniferous. 

PhILLIPBIA STARVSLLBNSIS, Sp.nOV. 

(Plate xlviii., figs.10-13; Plate li., figs.S-lO). 

Phillip^ia dubia Eth. fil., Oeol. and Pal. Queensland and ^*ew 
Guinea, 1892, pp,214-216, P1.8, fig.5. 

Complete form clongately ellipsoidal. 

Sp, CKarB,—Cephalon sub-semielliptic, strongly inflated, prac¬ 
tically smooth, length 6 mm., width between the genal angles 
9 rnm. Glabella bell-shaped or subconical, high posteriorly, with 
a steep anterior droop to the front limb, microscopically gran- 
ulaiicd, three pairs of lateral furrows, basa} pair shallow, the 
others faint; basal lobes very prominent, relatively small and 
round, mesial pair subquadrate and about equal in size to the 
basal pair, front pair well-defined. Neck*furrow shallow cen¬ 
trally, but rather deeper behind the basal glabellar lobes, its 
lateral extensions across the fixed cheeks shallow; ncok ring 
narrow, strongly arched, and its bases tuberculated, lateral ex¬ 
tensions weak; front limb narrow, gently thickened, and turned 
almost on to the front of the glabella; facial sutures anteriorly 
only moderately sinuate, posteriorly oblique and crossing the 
fixed cheeks in a line with the fulcra of die thoracic segments. 
Free cheeks relatively large and steep, border moderately wide 
and strong, lateral furrows linear and faint. Eyes of moderate 
size, dens*>ly and finely faceted, suborescentic, and rising steeply 
from the shallow grooves of the cheeks just below them. Oenal 
angles acute, but apparently not apinate. 

Thorax: -length two-thirds of width approximately, and 
anterior and posterior widths equal; number of somites small, 
smootli. Axis very prominent, rings arched forward both cen¬ 
trally and basally, bases also tuberculiite, centrally each ring is 
rather acute, which gives to the axis when viewed sideways a 
mildly serrated aspect; ring-furrows rather deq», ridges high and 
narrow (in decorticated spedmens), greatest width S mm,, and is 
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wider than the pleurw if measured horizontally. Axial grooves 
linear. Side-lobes between the axial grooves and fulcra almost 
hori7x>ntal, thence nearly perpendicular; somites apparently 
faceted, medial grooves very shallow, ridges feeble. 

Pygidium semielliptic, length 6 mm., width 7 mm., smooth. 
Axis very prominent, made up of twelve if not thirteen annula- 
tions, but not more than ten usually visible owing to the slender¬ 
ness of the posterior ones. Posteriorly it contracts gradually, 
and ends a little short of the border with about half the anterior 
width; in some specimens, the rings centrally show emarginatioii 
and other indications of having borne fine tubercles. Axial 
grooves faint Side^lobes convex, consisting of eight pairs of 
segments whose valleys and ridges are inconspicuous, and the 
ends, as they approach the border, bifurcate, or, more correctly, 
the sutures widen out and make the segments appear to have 
free ends; the individual segments have little or no backward 
curve, and the last two pairs are indicated merely by a ver^ faint 
ridge and tubercle; border continuous and relatively wide, con¬ 
centrically and finely striated underneath, only slightly thickened 
and separated from the segments by a fine suture. 

06s.—’This beautiful trilobite was originally described by U. 
Etheridge, Junr., and with it was joined Griffithide9dubiu$ Ether¬ 
idge, Senr., for reasons not explained. All the evidence avail* 
able leads roe to conclude that the two are not specifically the 
same, and to regret that this very typical Phillipsia above-de¬ 
scribed should have boon in any way linked with Or\fiihide9 
dubius Bth. Senr. An examination of the figure given of this 
latter trilobite reveals that the glabella has three continuous 
lateral furrows, and a shape altogether unlike the former species; 
and, further, the latter is represented as having thirteen or four¬ 
teen axial rings, and an equal number of pleural segments in its 
pygidium; while the former has only twelve and eight, respect¬ 
ively, in the similar parts of the pygidium. These difierenoes 
place the two apart. 

As may be observed (ante, under the description of P. 
donga^ mihi), 1 have had to disagree with Mr. Etheridge in 
detern^ning that, ond the above form to be specifically the same, 
for wbodi divergence of opinion reasons are iriven. 
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P, sianvellenais is so difTeretit from all foreign and other Aus¬ 
tralian species that it is not necessary to detail its relationships 
with them. 

The outstanding features of the species are. 1. The dunce's 
hat-shaped, prominent, smooth and anteriorly drooping, and 
narrow glabella. 3. The slightly elevated glabellar basal lobes. 

3. The moderate size, and fine but distinct faceting of the eyes. 

4. The very prominent axis. 5. The shallowness of the medial 
furrows, and slenderness of the ridges of the pleural segments. 
6. The bifurcation of the pleural segments of the pygidium. 7. 
Twelve and eight divisions in the axis and pleural segments, 
respectively, of the pygidium. 8. The equality of the lengths of 
bead and pygidium. 

Loe. and /for.—Corner Greek, Great Star River, Queensland. 
Carboniferous. 

Phillipsia qrakdis Eth. 61. 

(Plate xlvii., fig.2; Plate 1., 6g8.1-3). 

Phillipsia grandis Eth. fil., Geol. and Pal. of Queensland and 
Now Guinea, 1892, pp.216-216. 

Etheridge, Junr., Mem. Geol. Survey N. S. Wales, Pal. No.5, 
Pt. ii., 1892, PI. xxi., flg,6 {nan, text-fig.5, p.l28). 

Btberidgo, Junr.. Geol. Survey of Queensland, Publication No. 
260, pp.ll, 12, PI. iii., 6g.3. 

Complete form unknown. 

CAars,—What appeal's to be a portion of a cephalon of 
this species is preserved on a rock*fragment from near Mt. 
Morgan, Queensland, associated with a very nearly perfect 
pygidium, free cheeks, a small portion of the anterior of the 
glabella, and the greater part of the bypostome (in stiu), but so 
little of the glabella remains that none of its features can be 
recognised; except that it was sparsely granulated, sloped gradu¬ 
ally anteriorly, and was of unusual size. The hypostome was 
large, striated, and apparently granulated; free cheeks very large, 
strongly granulated, the granules in many instat^ces joining and 
producing rugosity; posterior farrows very wide and shallow; 
lateral border very wide; and the undersurface bearing six or 
m^ren concentric striie, posterior border narrow; the genal angles 
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appear to have been spinate. The length of the cephalic shield 
was approximately 30 mm. 

Thtirax: greatest width approximately 4Smm., length 27ram., 
finely granulated. Axis moderately convex, and had a spread 
of 16 mm.y and hence equal to one side-lobe. These lobes were 
fairly convex, greatest width 15 mm., and the mesial furrows of 
each pair of the segments were wide and shallow; along the 
articulating faces (ridges), the sutures are plainly visible in 
decorticated specimens. 

Pygidium: greatest width 41 mm., length 34 mm.; semi-elliptic, 
moderately convex; axis mildly convex, tapering very gradually 
posteriorly, ending bluntly at the inner edge of the border, much 
narrower than one side-lobe, practically two-thirds as wide as 
one side-lobe, the width being 11:16, rings apparently eighteen, 
strong, densely and finely granulated,» valleys narrow; axial 
furrows narrow and distinct; pleurm moderately convex; ribs, 
fifteen pairs, reaching to the thickened outer margin of the 
border, and having a decided backward curve in the portions 
traversing the border; mesial valleys fairly deep, ridges strong, 
and bearing two or more rows of closely placed granules, and 
articulating sutures plainly visible, each succeeding pair gradu¬ 
ally inclining posteriorly, border wide but ill-defined, not con¬ 
tinuous and concave, margin thickened and upturned. 

O&s,—The first fragment of this gigantic Carboniferous trilo- 
bito was briefly described by Mr. Stfaeridge, Junr.,* and for it 
he suggested the specific name gra^^dU, Subsequently, t he de¬ 
scribed a pygidium from New South Wales, which he placed 
specifically with the Queensland pygidial fragment. Very 
reluctantly, I have to disagree with this latter determination of 
Mr. Etheridge, aud am compelled to give the New South Wales 
fossil separate specific rank. A recent discovery of a nearly 
perfect tail, portions of a cephalic shield, and thorax, in the Mt. 
Morgan area, Queensland, has much simplified the task of 
separating the two forms. This recently discovered specimen 

* Gstd. and Pai. QuMoslsiid and New Uuines, 1802^ p|».216-2i6, 
t Mem. QeoL Survey N. 8. Wales, Pal. N<l 5, Pt ii., 1892, p.128, text- 
fig.5, uid PI. xxl., fig.6. • 
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was submitted by Mr. Dunstan, Chief Government Geologist, 
Department of Mines, Brisbane, to Mr. Etheridge, who described 
it briefly,* placing it with P, tfrandii. This same specimen has 
been used tor the above description. It will be seen that, in 
the description of the parts of the fossil, we are not in agreement, 
our dimensional estimates, strangely, differing rather widely. 

The dimensions arrived at by myself are ; 

Gepholio shield, length 90 mm. 

Length of thorax, 20 mm. 

(Greatest width, 45 mm. 

Length of tail, 34 mm. 

Createst width, 44 mm. 

Total length of trilobite, S4 mm., or nearly 9} inohos* A giant, cer¬ 
tainly, ainong Carboniferous trilobites. 

The reasons for separating the pygidium from Bwain’s Selec¬ 
tion, near Carroll, N.S.W., from the Queensland forms, are fully 
entered into under the re^lescription of the New South Wales 
form, under the name of Phillipsia robuifta mibi. 

The distinguishing features of the present species are—1. Its 
great sise. 3. The largeness of the free cheeks, their ornamenta¬ 
tion, and great width of their borders. 3. The relatively narrow 
pygidial axis. 4. The mild tuberculation of the bases of the 
thoracic and pygidial axial rings. 5. The slight tuberculation 
of the pleural s^ment at the inner margin of the border, and 
their olaw-Hke shape, as they cross the border. 0. The plainly 
visible sutures along the articulating ridges of the pleural seg¬ 
ments, and the fine and close granulation of these ridges. 7. The 
6txx>ngly ridged and furrowed somites of the pygidium. 

As Mr. Etheridge has pointed out, it is uncertain still whether 
this trilobite belongs to the genus FhiUip»ia or to Ori/SikUhtt 
but the evidence available indicates the former. 

Xoe. and Her, —Crow’s Nest, near Mt. Morgan, Queensland. 
Carboniferous. 

PBILUPSXA WOODWABDl Eth. ftl. 

PhiUiptia woodwardi Eth. fll., Geol. and Pal. Queensland and 
NewGttinen, 1892, p.215, PI. vii., figs.!!^ 18; PI, viii.,flg.6; end 
PL xliv. , flgaB-6._ 

* Geol. Survey ^eensland, Publication No.2O0, 1917, pp.lMfl, PL Hi., 
ftg.9. 
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GTifiikid^.n 8emxni/erti$ var. ausiratasuia Eth. fil., (in part) op* 

p.216. 

(PI. ilvii., fig.9; PI. xlix., flg8.1-8, lS-14; PI. 1., 6g8,10-ll; Pl.li., 
fig8.12.14; Pl.lii., fig.1; PI liii., fig8.8-9). 

Here is Mr. Etheridge’s description of this species {loo, cit ):— 
Char, Glabella round, without any lateral inflection of the 
margin, moderately convex in the middle line, and a little arched 
posteriorly; neck furrow strong and deep, with more or less com- 
plete basal furrows; anterior furrows present, but faint; anterior 
border thick and upwardly turned, leaving a wide depression 
between it and the front of the glabella.” 

In his observations, Mr. Etheridge remarks:*^ “The pygidium 
referred to is much larger than that described as P, dnbia^ but 
otherwise resembles it.” In the text, there is nothing to show 
what pygidium is here referred to, for no description of it is 
given; but no doubt he refers to the pygidium illustrated in 
Plate xliv., fig.6; and if so, the determination, in my opinion, is 
incorrect. This pygidium belongs to the trilobite described by 
me as PkilUpoia rackhamptonenoU^ and is shown in PI. 1., flg.8. 

The following is a more amplified description of the type- 
cephaloti of the species. Outline subsemicircular, surface gran¬ 
ulated. Glabella wider across the basal lobes than it is long, 
very convex both transversely and longitudinally, the front lobe 
(the portion anterior to the anterior pair of the lateral furrows) 
semicircular, highest between the mesial pair of lateral furrows. 
Three pairs of lateral furrows present, anterior and mesial rela¬ 
tively wide, shallow and straight, basal pair wide and deep; 
anterior and mesial lobes narrow, basal pair large, subfusiform, 
much lower than the glabellar centre, overhanging the axial and 
neck-furrows; limb very large, border strongly thickened and 
upturned, furrow wide and deep. Neck-furrow deep; neck-ring 
strong, convex, sharply curving anteriorly, as it approaches the 
axial furrows; sides gradually thickening towards their origin. 
Frontal limb very wide, border strongly thickened and upturned, 
and separated from the glabella by a wide and pronounced 
furrow, atrongW expanded antero-laterally. Facial soturee 
anteriorly direc^ outwards at an angle ctf about 96*. Fixed 
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cheeks appear to have been small, and strongly tumid. Axial 
furrows deep. Other parts not known. 

As Mr. Etheridge pointed out, this head-shield bears a strong 
resemblance to that of some Proeti. The enormous limb is its 
most striking feature. The discovery of a complete specimen 
will be of much scientiflc interest. It may be noticed here that 
neither of the figures, FI. vii., ilg.13, PI. xliv., flg8.5, 6 (foe, eit,) 
are correct representations of the fossils they are intended to 
depict. For example, in the case of the first of these, the 
glabella is much too blunt in front; and supplementary lobes, 
which are present on the fossil, are not shown in the figure. 
With reference to figs. 5 and 6 of Pi. xliv., in the case of fig. 5, 
the glabella is represented as of a battle-axe shape, instead of 
being rather quadrate, or only gently rounded in front, and the 
glabellar basal lobes are exaggerated in size. In fig.6, the axis 
is shown terminating much too short of the border, and, in the 
pleural lobes, too many segments are shown. Photographs of 
the original specimens, from which the drawings of the figures 
above referred to were made, will be found in the Plates of this 
paper. 

At present, 1 hesitate to recognise the portion of a cephalon 
determined by Mr. Etheridge to belong to this species, and re¬ 
presented in PI. vii., fig. 13, for the following reasons. The 
glabella of this specimen is much more convex and narrower in 
front than the type-specimen. Further, this glabella is just as 
long as wide across the basal glabellar lobes. On the other 
hand, the typical glabella of the species is much wider across 
these same lobes than it is long. The glabella in question is not 
correctly represented by the figure above referred to, as will be 
seen from the photos of it now produced. 

• Since Mr, Etheridge described this species, much additional 
material has been secured, and this has been placed with me by 
Mr. Dunstan, Chief Government Geologist, Brisbane, for classi¬ 
fication. Included in the collection is a large number of pygidia, 
all possessing similar specific features; and these were collected 
from the same localities from which all the known cephalic frqg- 
mento of the species have been obtained. In part, owing to 



468 


CAKBOWrVBBOUS TRILOB1TB8 OF AUSTRAMA, 


RMociation in this way of these heads and tails, and because the 
great convexity of the pygidia referred to, which would indicate 
the possession of a very convex cephalon by the species they 
belong to, and, further, Imause no other head-shields reasonably 
preserved occur in association with these remains, with winch 
they appear to have near relationship, I have determined to place 
them with Mr. Etheridge’s 1\ woodurardi^ and, for this reason, 
the species is redescribed hereunder. 

Complete form not yet certainly known, but it may be assumed 
to have been oblong-ovate. 

Cephalon sub-semicircular, highly indated, surface granulated 
throughout. Glabella subquadrate, wide and mildly rounded in 
front, strongly convex, highest between the mesial lobes, sloping 
strongly anteriorly, and overhanging the furrow of the limb in 
front; three pairs of glabellar furrows present, the anterior and 
mesial pairs rather wide, shallow and straight; basal pair wide 
and deep; anterior and mesial lobes narrow; basal pair large, 
subfusiform, much lower than the glabellar superficial centre, 
overhanging the axial and neck-forrows latero-posteriorly; limb 
very large, border strongly thickened and upturned, furrow wide 
and deep; neok-furrow wide and deep; neck-ring strong, convex, 
bases strongly curving anteriorly under the glabellar basal lobes; 
supplementary lobes present, though not conspicuous in the most 
typical specimen. Facial sutures anteriorly directed outwards 
at an angle of about 26*. Fixed cheeks would appear to have 
been of moderate sise, and posteriorly strongly inflated. Free 
cheeks fairly laige, strongly and thickly granulated, especially 
on the part between the lateral and ocular furrows; this part, 
too, is high, and rather acutely angulate postero-laterally, flat 
superficially, laterally and posteriorly steeply falling into the 
lateral and posterior furrows, which ere wide and deep; border* 
much thickened and upturned, striated, posterior border (exten* 
sion of the neok-ring) strong, genal angles apparently Uunt; 
eyes of moderate sise^ apparently crescentic and faceted, sMie- 
what sMpk into the ocular farrow, 

; for certain not known, but the following is the de¬ 
scription one attached to a pygidium identical with a number 
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of others assumed to belong to this species; suboblong, grttn- 
ulatcd, longer than the pygidium, all the segmental ridges appear 
to have borne tubercles; number of segments normal. Axis 
prominent, ring-bases non-tuberculate, with a strong anterior 
inclination centrally, ridges and valleys well defined, apparently 
as wide as one side^lobe. Side-lobes strongly convex and steep 
between the fulcra and margins, all parts densely granulated, 
segments anteriorly angulate at the fulcra; mesial furrows wide, 
ridges relatively narrow and faceted, and mildly thickened 
posteriorly. 

Pygidium very strongly convex, length to width approximately 
2; 3, granulated; axis prominent, evenly arched, anterior spread 
about equal to the greatest width of one side-lobe, posteriorly 
diminishing in width very gradually, and ending prominently 
and bluntly a little short of the border; number of rings thirteen, 
and each bore a I'ow of small tubercles quite conspicuous on 
unweathered specimens; axial grooves wide and deep. Side, 
lobes convex, consisting of eleven pairs of segments, the ridges 
of each pair bearing rows of small tubercles varying from two or 
three on the shorter, to eight or perhaps nine on the longer ones. 
Border continuous, mildly thickened, convex and steep. 

06«.—At the outset, I admit that the pygidia here joined with 
Mr. Etheridge’s type-cephalon of the species may yet prove to 
be a wrong conclusion; but should it happen so, I am inclined 
to believe, too, that the heads (PI. )i., figs.l2,13) will also prove 
not identical with the type one; but should that happen, 1 am 
fully satisfied that these latter heads, and the tails here dealt 
with, will prove to l)elong to the one species. The heads now 
joined with the typical one possessing the very* characteristic 
frontal limb, cannot, for certain, in the absence of this limb, be 
said to belong to the species. 

While completing the above description, the specimen No.712, 
belonging to the Queensland Museum, Brisbane, is before me; 
and the trilobite fossil remains on it consist of two pygidia, one 
thonx and pygidium (conjoined but incomplete, a fragmentary 
head in intaglio^ and a part of a free cheek. (On the same 
speetmea, oeours the tail of a Brachymetopus, the first reeorded 
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from Queensland). These fossils were those which chiefly served 
Mr. Etheridge to found his varietal species Grijffitkidu Mmtm- 
fe%*v 4 var. cmBiralaMica on. After a close study of these remains, 

1 am compelled to dissent from his concluBions concerning them. 
They cannot belong to the above species, because the glabella 
possesses supplementary basal lobes, a feature by some paliron- 
tologists thought to be of generic significance, and which 6. 
$emi7iiferua does not possess. Again, these pygidia have thirteen 
rings in their axis, and eleven pairs of segments in the pleune. 
In these parts, G. aetntniferua has twelve and nine respectively. 
These differences alone would render the sp^ific identity of the 
two forms invalid, but these are not the only differences between 
them. As far, then, as the fossils under present consideration 
afford evidence, Mr. Etheridge’s varietal species fails. The part 
of the cephalon on this same specimen of rock is very imperfect, 
but it shows, on the glabella, similar but clearer granulation, 
because the granules are not worn off by weathering, similar 
glabellar basal and supplementary lobes to that and those 
respectively found on the oephaloiis here determined to belong 
to Philiipsia tvooduwf^u The only features not visible on the 
glabella of the fragmentary cephalon, to make its identity with 
the latter certain, are the mesial and anterior glabellar furrows; 
but these are barely visible on some glabellse of P. fvoodf4fardi. 
Lastly, the pygidium represented in Plate viii., fig.6 {op, eit ), 
which was considered by Mr. Etheridge to be a normal pygidium 
of his P. duhia (P. slanee^ensu mihi) is here joined with the 
present species by me. It is undoubtedly inseparable from the 
other pygidia now joined with the species above described, and 
certainly is not at all closely related to the pygidia of P. atom- 
eellensis mihi (P. ditdia Eth. fib, op. eit., PL viii., flg.6). 

Mr. Etlieridga has already called attention to the Pro£tuB-like 
aspect of the oq>haIon of the preednt ^leeiee. The eingnlar form 
of this part of the foeail makes it unneoeaeary to point ont in 
detail the features which separate it froBs other species id 
FhiUijMia, 

Loo. o/iod i7or.—BtMiey Greek, Stanwell: Crow’s Nest and 
Trilobfte Aidge^ Mt. Mofgan, Queenalaod, etc. Associated with 
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HraohymeiopuM dunutani. Middle or Lower Carlxmiferous pi*o- 
bably, 

PhILUPBIA HOROANBN8IB, Sp. nov. 

(Pb xlix, flgs,ll,12; PI. li., fig.l). 

'Sijt;, CtfpAa/onsub-seiBicircularf very fluely granulated, 

greatoBt length and width 8 mm., and 16 mm., respectively. 
Glabella subconical or Rub-beliBhaped, mildly convex, finely and 
densely granulated, longer than wide; three pairs of lateral 
furrows distinctly shown, basal pair very deep and wide, anterior 
and tnesial pairs short and only gently curvecl posteriorly; 
anterior and mesial lobeB of moderate size, basal pair fairly 
large, with small complementary lobes present; neck-furrow deep 
and wide, the extensions laterally also fairly deep and wide; 
neck-ring strong, moderately convex, strongly curving anteriorly 
at its bases; facial sutures anteriorly very straight, posteriorly 
short and oblique, frontal limb narrow and close to the glabellar 
front; fixed cheeks very smal], with small eye-lobes. Free cheeks 
rather large, only moderately tumid, finely granulated, both 
borders and lateral furrows large, the former lieing moderately 
thickened, finely granulated on the upper and striated on the 
undersurface, the latter being shallow, ocular furrow wide and 
shallow. Eyes of moderate size, finely faceted, vertically narrow, 
and decidedly higher behind than in front, Oenal angles obtuse. 
Hypostome shield* like, narrow, not alate, posteriorly glossiform 
and corrugated, no striie visible, widest at two*thirds of its length 
from the front edge. 

Thorax not known in a complete state, but one, on which a 
pygidiuro and a free cheek rest^ shows the following features— 
moderately convex, finely granulated. Axis moderately convex, 
diminishing in width and height gradually posteriorly, wider 
than one side-lobe, rings strong, valleys narrow and having an 
anterior inclination, bases non**tabercuIate, axial furrows linear. 
Hide-lobes not well shown, but the segmental ridges and furrows 
were strong and deep respectively. 

J^idium widely triangular, mildly convex and jgranular, 
leogth 7 mm., and greatest width IS mm. Axis mildly and 
eviply convex, anterior width equal to that of one side-lobe, 
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diminishing gradually in width and height posteriorly, and end¬ 
ing short of the margin inconspicuously with about half its 
anterior width, rings apparently eleven; ridges^^ot prominent, 
furrows also faint, some of the anterior ones mve centrally a 
backward trend. Axial furrows linear. Side-lobes convex, con¬ 
sisting apparently of nine pairs of segments (eight only are 
visible on the best available specimens, front pair faceted, ridges 
and furrows fairly distinct, and having successively only a 
moderate backward trend. 

06s.—This trilobite belongs to the type of i’Ai//ipsta which 
bad the glabella narrower in front than posteriorly, whicii seems 
a common characteristic among the Australian memliers of the 
genus, and, in this respect, shows a closer relationship to the 
typical genus of the ProetidsB, than do the Phillipsite of Europe, 
and, perhaps also, America. A singular feature in the present 
species is the form of the hypostoroe assumed to belong to it. 
None similar to it has come under my notice. The one nearest 
to it is one figured by Dr. H. Wo^ward* with other illus¬ 
trations of PhiltipBia tiehwaUdi^ but evidently not belonging to 
that species. 1 he straightness of the anterior branches of the 
facial sutures, and their mild outward divergence as they I’each 
the frontal limb, are striking features of the species. 'A study 
of the description and illustrations of the species will render its 
separation from other Australian Phillipsie simple. In contour, 
the glabella is not unlike what that of the glabella placed with 
P, ufoodtioardi (Ph xlix., fig.7) would be, were it not so convex; 
but, in the former, the glabella is longer than it is wide across 
the basal glabellar lobes; in the latter, these dimensions are 
equal. No foreign species has come under my notice with which 
it seems necessary to compare it. 

Loe. a/nd iTivr.—Trilobite Ridge, Mount Morgan, Queensland. 
Oarboniferous (Lower t). 

Pbilumu coiriioi.Lir, sp.nov. 

(Ft. li., figs.4-7;. 

PMtKpria grandu Bth. fil. (MS.). 

Only an incomplete pygidium known. 

* ifon. Brit OsHt TriloUtas, 
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Sp. Char$»—Pygidium semieiliptic, moderately convex, and 
inicroscopically granulated* Axis very prominent, consisting of 
ten, possibly eleven rings, not as wide as one side-lobe, evenly 
arch^, and slightly flattened dorsally, ending at the border very 
prominently and rather acutely, ridges and valleys of the rings 
quite distinct. Axial grooves shallow. Side-lobes mildly con \ ex, 
consisting of eight or nine pairs of segments, which are only 
very gently directed backward, and terminating at the border, 
except in the case of the anterior pair, which encroaches on it. 
Mesial furrows and the ridges of the segments moderately defined. 
Border proportionately wide and continuous, mildly convex, 
horizontal, and apparently wider laterally than behind, separated 
from the Hbs by a shallow farrow. Greatest width 13 mm., 
length 9 mm«, anterior width of axis 3 mm. 

Obs, —Thispygidiuro was placed by Mr. Etheridge, Junr., with 
liis PhUlip$ia grandie^ but to this species I find it has no close 
relationship. In its wide border, and the number of axial rings 
and pleural segments, it bears strong resemblances to our 
Oriffithidei eoweadcaudatuBt but its axis is much more prominent 
and relatively narrower, than is that of the latter. The axial 
and pleural divisions are more clearly defined in the former than 
they are in the latter; the border in the former is flat, and in the 
latter very steep. The shape or outline of the pygidia of these 
species is very different. In number of axial and pleural 
divisions, this species is related to both P. eoulUri and P, stofi- 
WAensw, but not otherwise. In possessing very prominent and 
relatively narrow axes, P, MtofiveiUnsu and tlie present species 
agree. I am not aware of any foreign Ca.rboiiiferous trilobite 
having a pygidium closely resembling this one. 

Earned after Mr. Connolly, who discovered it, 

Loe, and //or.«Gascoigne River, West Australia (Connolly). 
Carboniferous. 

PHILLIPSIA KOUOHgLBNSIS, Sp.noV. 

PhiUipiia sp., ind, (a), Kth. fU:, Mem. Oeol. Burv. N. g. Wales, 
Pal. 110.6, Pt. ii., 1883, p.l28, PI. xxi., figs. 6,1 
(PI. xlviii., figs. 4,6,6, 7). 
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Cephalon and thorax unknown. 

Sp. ChavM,—Pygidium sub-semicircular, width 15 mm., length 
11 mm.; smooth and moderately inflated. Allis moderately 
convex, tapering very gradually, and terminating bluntly with 
a spread rather greater than halt that of the first ring) anterior 
width about equal to that of one side-lobe; consisting of eighteen 
rings, some of which show traces of having been very mildly 
tuberculated; axial furrows faint. 8ide-Iobes convex, with no 
decided fulcra, segments thirteen, or doubtfully fourteen, mildly 
recurved, not crossing the border; border of moderate width, 
steep, stnootli, and separated from the pleural segments by a fine 
suture. 

06a—This pygidium was briefly described by Mr. Etheridge 
(Zoc. ctA), but not specifically named, though he stated that it 
possessed certain features which clearly indicated that it was 
a new species. It diilers from all other species of Phillipsia and 
QrilBthides known to me. 

Loc, and Ihr. — Binge Berry, Koucliel Brook, near Muswell- 
brook; Oounty Durham. 

Phillipsia nuNaooBMBis, Bp.tiov. 

PhUlxpBia sp. iud. (6), £th. fil., Mem. Geol. 8urv. N. 8. Wales, 
Pah No.5, Ft. ii., 1892, p.l29; Pl.xxii., 

(Plate xlvii., figs.6, 7). 

Complete form unknown. 

Sp* (JhavB,*^Pygidium sub-semicircular, very moderately con¬ 
vex, finely granulated throughout, greatest width 22 mm., length 
16 mm. Axis mildly convex, consisting of fourteen annulatious, 
the furrows and ridges of which are respectively shallow and 
low, diminishing very slightly in width posteriorly, the end 
being wide and rounded, basw of the rings not tuberculate, 
anterior width less than one side-lobe; axial furrows fairly dis¬ 
tinct. Pleurm gently inflated and sloping from the axial furrows; 
segments twelve pairs, which are very completely fused, the four 
anterior pairs reaching to the outer margin, medial furrows wide 
andVshallow, ridges not prominent and showing no sutures; 
bordw narrow and continuous^ 
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ObB ,—This is another of the pygidia described by Mr. Ether¬ 
idge, Junr., (loe. ciL) but which he did not specifically name. 
It resembles no other Australian Carboniferous form at all 
closely; and, so far as I have been able to ascertain, it stands 
apart from the pygidia of foreign species of the genera Fhillipsia 
and Oriffithides. 

Lott, and Hot. —Oreenhills, near Dungog; County Durham. 
Carboniferous. 

Qenus QaiFFiTHinas Portlock, 1843. 

Geol. Beport, Londonderry, dm., p.310. 

The following is Portlock’s original description of the genus— 
^^CBphalotkoraaa semi-oval, longitudinal: glabella strongly marked 
and gibbous, rounded in front, narrowed posteiiorly into an ob¬ 
solete neck with a furrow more or less distinct on each side. 
CAss&t: triangular spaces very slightly convex. Wing$ either 
ending in an angle posteriorly or prolonged backwards in a 
flattened spine. Eyoo near the axis, not large, lunate, amootb(t). 
The minute neck tubercle sometimes present." 

** T&omor.—The pleuripedes are compound, in number nine, or 
with the neck segment ten.” 

Fully developed and strongly resembling that of 

Phillipsia.” 

General A. W. Vogdes (^oc. oil.) gives the following brief 
summary of the generic features of this genus:—1. Glabella 
short, tumid. 2. No short lateral furrows on the glabella. 3. 
Basal lobes distinct. 4. Byes small, placed close on the glabella, 
rcniform. 5. Axis of pygidium has 10 to 17 segments. 

GaiFFiTUtnas oonvbxioaudatus, sp.uov« 

(PI. xlvi., flg.l3; FI. xlviii., flg8.L3; Phlii., figs.6,6). 

Sp. CAar#.—Complete form suboval with straight sides 
Vcphtdon sub-semicircular, apparently finely granulated and 
strongly inflated. Glabella su^pyriform, tumid; hm^il furrows 
faint; basal lobes relatively small; neck-furrow shallow, its lateral 
extensions deeper, and communicating with the lateral furrows 
of the free cheeks; neck-ring wider than the axial rings of the 
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thorax, its lateral extensions narrow but prominent. Axial 
grooves faint Fixed cheeks very small and high; palpebral lobe 
high, narrow, convex, and very faintly separated from the basal 
lobe. Free cheeks high, sharply rising from the narrow lateral 
furrows, lateral border narrow, thickened and raised. Eyes 
uniform, short fore and aft, high and prominent, separated from 
the upper and flattened part of the cheeks by a faint sulcus, ap* 
parently faceted. Facial sutures anteriorly follow the course of 
the axial grooves, posteriorly oblique passing out in a line with 
tlie fulcra of the thoracic pleurte. Limb narrow and pressed 
to the front of the glabella. Qenal angles bear very short spines. 

Thorax fairly convex, finely granulated, rectangular, length 
practically two-thirds of greatest width, anterior and posterior 
widths approximately equal, somites nine. Axis prominent, 
widely and evenly arched transversely, width or spread through¬ 
out about equal, the last two rings only being slightly contracted, 
a little wider than one side-lobe, centrally the rings have a gentle 
forward arch, and bear a i*ow of inconspicuous granules, bases 
non-tuberculatej axial furixiws shallow. Side-lobes sloping very 
gently from the axial furrows to the fulcra and thence fairly 
steeply, median furrows of each segment narrow and shallow, 
but reaching just to the margin, ends faceted, 

Pygidium sub-semicircular, evenly and very convex, finely 
granulate, length equal to length of thorax, and to about three- 
fourths of its own greatest width (9:13); axis convex, bearing 
eleven annulations, diminishing posterioily veiy gradually in 
width and prominence, ending bluntly and rounded a little short 
of the border. Its length equals seven-ninths of the pygidial 
length, annulationr faint, especially towards the distal end. 
Side-lobes strongly convex, anteriorly having a spread approxi¬ 
mately equal to that of the axis, possessing eight ribs, only the 
first three pairs being at all cooapicuous; all, except the first 
pair, stop at the faint furrow separating them from the wide, 
convex, smooth border. . / 

Oft#.—The individual, wbioh served for the above description, 
measured 26 mm^ of which the cephaion was 7 mm., the tbrnrax 
and ^gidium 9 mm. each; width of thorax 14 mm. The speoi- 
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men was not quite complete, being minus part of the right front 
quarter of the oepbalon. 

This fossil agrees very closely with one described by De 
Koninck from the Upper William Biver»* and determined by 
him to be Oriffi/tkiiu {PKUHp^in) Bicknoaldi. 'J*he total lengths 
of the two fossils exactly agree, as also do the widths of the 
thoraces; but there are some discrepancies in the dimensions of 
the separate parts. De Koninck gives 10 mm. and 8 mm., re* 
speetively, for thorax and pygidium of his specimen; whilst 9 mm. 
is the length of each of these parts in the specimen under 
review. The two have nearly the same number of annulations 
in the pygidial sxis, and probably the same number of pleural 
ribs, a similar wide pygidial border; also the same relative 
length to width of their pygidia, and an identical frontal pro¬ 
jection of the glabella on to the border. In the characters of 
granulation and of thoraces and pleural ribs of the pygidia, they 
also agree. If, at this, tlie discussion of their relationship 
stopped, the identity of the two would have to be accepted as 
conclusive, as I believe it actually to be. But against these 
agraements have to be placed some important differences, which 
make their specific identity diflicult to reconcile. For inslaiice, 
l)e Koninck states that his sfieciineD has only eight thoracic 
segments, that the anterior aimulation of the thoracic axis has a 
widthf of 3 inm., and not one of the annulations has a width 
less than 1mm. The present specimen has the normal nine 
somites, and the widest annulation of the thoracic axis does not 
exceed 1 ram. De Koninck’s figure of his specimen shows it to 
have had a very globular frontal glabellar lobe, and, in this, diffisrs 
from the one above described. Again, De Koninck’s'toxt does 
not agree witli his illustration. The former indicates bis speci¬ 
men to have eight thoracic somites, and the pleural lobes to have . 
a width equal to that of the thoracic axis; but his figure shows 
nine somites, and pleural lobes much narrower tiian the axis. 
These important discrepancies make it impossible to accept his 

* Few. FsL Nouv. UsUes dn $ud, Pt i., fSTfll, pp.Sl784, PI. xxiv,, flg.S. 

t The writer amumes the width of the axial rings to he their messme- 
meat akmg the longitudinal line of the axis. 
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description as bai'ing any scientific valuer for there is no evideiice 
to hIiow whether his text or figure is correct, the type-specimen 
having l»een destroyed in the Garden Palace fire of 1882. 

The next consideration is whether the present fossil, or even 
Ue Koninck’s, is specifically identical with P, eichwaldi Fischer. 
Accepting the types given by Dr. H. Woodward^ as fully 
reliable, the anthor does not believe it a difficult task to prove 
the negative. 

1. Dimensions.—The relative lengths to ^^ths the parts of 
the author’s fossil and that of P, eiehu>aldi Fischer, are, respect¬ 
ively, for cephalon 14:28 and 17 : 27; thorax 17 :28 and 17 : 31; 
pygidium 9:13 and 1 : L 

The dimensional differences, as these measurements show, place 
the fossils apart; but these are not nearly so important specifi¬ 
cally as the following. The pygidium of P. ekhfcaldi is semi- 
elliptical, and the length equal to the width; that of the author’s 
is sub-semiciroular; that is, if the centre of the junction of the 
second axial ring with the third be taken for centre^ the portion 
of the pygidium posterior to this forms a semicircle; and the 
length is only two-thirds of the width, approximately. There are 
up to sixteen rings in the axis, and twelve to fourteen pleural 
divisions in the pygidium of P. eiekwaldi; while, in the local 
one, these divisions are eleven and eight, respectively, llien, in 
the former, the pygidial border is depressed; in tlie latter, the 
curve of convexity of the pleura continues uninterruptedly across 
the border to the outer edge. In the former, also^ the geiial 
spines are tong; in the latter, mry short, only extending past 
the first thoracic segment, lliese diffbrenoes are sufficient to 
prove that tlie author’s specimen is not P, eichwaldi Fischer, and 
the same conclusion may be drawn in respect to De Koninck’s 
fossil. 

In several respects, this species resembles Griifflihidsi ylobicepB 
Phillips; but the proportionate lengths of the thorax and pygidium 
of the latter are different from tboseof the former; as idsois the 
proportionate length of the eephisloB to these same parts. In 
the former, there is no lobe connecting the eye-lobe with the 

* Mou. British f ribUtsa, Pt i., IH83. 
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glabella, though, indeed, the eye or palpebral lobe is very close 
to, and only faintly separated from, the basal lobe of the glabella. 
The eye, too, is relatively larger, the pygidial border is wider, 
and tlie glabellar frontal lobe less globular; the free cheek 
border and glabellar limb narrower, and the eyes less prominent 
and more posteriorly situated in the former than in the latter. 
Tlie Jjritish species, too, was much larger than the New South 
Wales one. 

The specific name was chosen for it because of the strong con¬ 
vexity of its pygidium. 

Loc, and //or.--Glen William, about two miles from (Jlarence- 
town. Parish Parr, County Durham. Lower Carboniferous. 

GrIFFITUIDXS SWKRTl Eth. fib 

(jfriffithiieB eweeti Eth. fil., Proc. Linn. Soc. N. S. Wales, (2), 
Vol. ix., Pt.3, pp.528-e, PI. xxxix., fig.3, 1894. 

(PI. liii, figs.l, 2). 

Through the courtesy of Mr. G. Hweet, of Melbourne, the 
type-specimen of the species is before me, and I regret that, 
owing to the incompleteness of its cephalon, it fails to elucidate 
certain difficulties met with in considering the thoraces and 
pygidia f^m the Mt. Morgan area, assumed to belong to 
i*kiUip$ia tooodwardi Eth.fil., or to settle whether (r. Bfimti Eth. 
HI., and that species are not identical. All the numerous pygidia 
obtained from the Mt. Morgan area, except those which belong 
to Btanvellentiaf P, rockhamplonetiaUj and P, mot^yaueruiis* 
have thirteen axial, and eleven pleural divisions; and, aftermost 
careful and repeated iuspeciioii, I have to conclude that Mr. 
Etheridge’s G, noeeti has the same number of divisions in the 
axis and pleune of its pygidium^ also the same kind of pygidial 
border and furrow; and, in fact, its pygidium cannot be sepa¬ 
rated from pygidia which are the most plentiful in the Mt. 
Morgan district, and which I have tentatively considered to 
belong top. ufoodum-dit or at least to those cepliaiotis represen tefl 
on PI. li., figs. 19 and 13, liecause theses too, were the most 
plentiful cephalous occurring in the same As regards the 
headi-ibield of ncwsfi, suffideiit of it has not been conserved 
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to enable one to say positively whether its features place it with 
tlie Phillipsia or the GritHthides type; but^ except for the un¬ 
certainty of the presence on its glabella of the normal lateral 
furrows of the Fhillipsiaii genus, it does not differ from the 
head-shields above referred to, which aro considered to belong to 
P. fvotidwardi Eth fil. Further, it will be found that G, 
as far as present evidence admits, cannot be separated from 
Griffitfxides nemini/tfnm var. auntralaffica Eth.fil. This, I think, 
will be conceded after the description and figures of the latter 
have been studied in conjunction with my remarks on the latter, 
under P. woodwardi; and an examination of Plate li., fig.H, 
which is a photo of Mr. Etheridge's type-sped men, which shows 
two tails, the greater portion of a thorax and tail conjoined, an 
intaglio of a portion of a head, and, between the two tails and 
on the left top corner, is a view in relief of this intaglio. 

VVe are up against a problem here, which can lic solved only 
by the discovery of better inateiial; and when it is solved, it 
seems to me that a new genus or subgenus will be needed for 
tlie reception of this trilobite with the ten thoracic somites 

The following is a fuller description of the species than is 
gi\eii by Mr. Etheridge It will seen from the photographs 
of this species now given, thal it was not as correctly figured as 
It might have been. 

Complete form suboval. 

1 ^)}. Chars. — Cepfiaton incomplete, apparently granulated 
throughout, with granules of uniform sixe. Qlabclla incomplete, 
moderately tumid, mesial and anterior furrows not visible (though 
there appears to be a faint trace of the mesial pair); basal 
furrows deep, joining the neck furrow; basal lobes fairly large, 
suboval; supplementary lobes of moderate sixe, and sulmval : 
neck-furrow wide and fairly deep; neck-ring stronger than any 
of the axial rings of the thorax. Fixed and free cheekaabsent. 

Thorax consisting of ten segmeuts, finely and evenly gran¬ 
ulated; axis prominent, diminishing posteriorly very little in 
prominence, and barely at all in spread; each ring, except the 
lasti ^as centrally a slightly forward direction, the last rinj{ is 
iStron^er than the others, iioii-tuberculate; axial furrows shallow. 
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Side-lobes, between the axial furrows and fulcra, rising very 
gently, and thence are depresscfl almost at right angles, seg¬ 
mental ends strongly faceted, and the ridges and valleys strong 
and deep respectively, segments strongly aiigulate at the fulcra, 
the whole thoracic surface was finely granulated. 

Pygidium subelliptic, finely granulated, strongly convex: axis 
prominent, rings thirteen, the anterior one being somewhat over¬ 
lapped by the last thoracic one, decreasing in spread gradually and 
ending prominently at about half of its anterior spread, a little 
short of the border; axial furrows distinct, side-lol)eH strongly 
convex, granulated, consisting of eleven segments, each very 
gently and increasingly curving posteriorly, segmental ridges 
strong, valleys deepj border entire, steep, very finely granulated, 
middle thickened and relatively wide, separated from the pleural 
segments by a narrow furiow, accentuated by pimctations at 
each segmental end. 

Oriffithidxh nuRiUB Etheridge 8etir. 

Gr%ffithid €9 duhhiB Etheridge 8cnr., Quart. Journ. Geol. 8oc., 
1872, Vol. xxviii., p.3d8, PI. xviii., flg.7. 

Phillip*ia dubia £th. fll, Geol. Pal, Queensland and 
Guinea, 1892, pp.214, 215, PI. 7, fig.l2. 

(PI. liii.. fig 7). 

The original description is as follows Body elongated, oval, 
length about twice the width, sides parallel. Axis width of 
pleurae. Thoracic segments 10 to 12. Pygidium rounded, 
margins entire; axis composed of ten segments, not extending 
quite to the posterior margin. Cephalic portion much crusberl; 
glabella sroall and round anteriorly, furrows indistinct. Owing 
to the crustaceous test being removed, we have no means of 
arriving at the condition of the original ornamentation; there 
are, however, indications of tubercles upon the axis of the 
pygidium.” 

‘*£oo. Don River, Queensland. Form. Carboniferous,” 

The whereabouts of the type-speoimen I have not been able to 
discover, tod, consequently, cannot odd anything to the above 
deecription. 
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Tn tlie possession of ten or more segments in the thorax, it 
resembles 0. sioeHi Eth. fil., and, certainly, in this respect, is 
not a normal Gr%jffithid^,tt or Phillipsia, This peculiarity, too, 
very (lecidedly separates it from P» Btanvellensis mihi (P, rfniia 
Eth. hi,). 

Family VKOETWAH, 
rienus li H A o H Y M RT o p u 8 McCoy, 1847. 

Ann. Mag. Nat. Hist, xx., p 229, Pi. xii., figs.la, 1^. 

McCoy^s description of the genus is as follows “f/rw, Chftr, 
Cephalothorax truncato-orbicular: limb narrow, produced back- 
wards into flattened spines; g1al)el1a smooth, cylindrical or ovate, 
about twice as long as wide, not reaebing within aliout its own 
diameter of t})e front margin; one pair of small, basal, cephalo¬ 
thoracic lobes, or none. E 3 *es reniform, in the midst of the 
cheeks (1 smooth); eye lines unknown Hiirface strongly gran* 
ulated; one tubercle on each side of the antericir end of the 
glal)e11a, tlie marginal row and a circle round each eye being 
larger than the rest. Body-segments unknown. Pygidium 
nearly resembling the cephalothorax in size and form, rather 
more pointed, strongly trilobed, and with a thickened prominent 
margin; axal lobe about as wide as the 1at(*ral lobes, of alpiut 
seventeen narrow segments; lateral segments about seven, 
divided from their origin, each terminating in a large tubercle 
at the margin.’^ G e n o t y p e, /fr. itrzeleekii. 

In this description, characters are included which are merely 
.specific. H. Woodward* supplies the following amended de¬ 
scription of the genus: - “General form elliptical; headshield 
semicircular and slightly pointed, about one-third wider than 
long; glal)ella small, somewhat elevated, one-third the width of the 
entire shield and about one-balf the length, having a l^asal lobe 
im each side, but no short lateral furrows on the glabella: neck- 
furrow distinctly marked, equal in width to the posterior border 
of the tree cheeks; eyes small, smooth, equal to half the length 
of the glabella; no facial sutures visible, only the axal furrow 
surrounding the glabella and the neck-furrow; free cheeks slightly 

* Moil. Brit. Uarb, Trilobitea, 1883-4, pp.46-7. 
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convex, nearly twice as long as they are broad, with no visible 
suture separating them from one another in front of the glabella; 
margin brood and slightly grooved, angles of cheeks produced 
posteriorly into spines. The entire surface of the liead coverefi 
irregularly with a small bead-like ornamentation/' 

Thoracic segments unknown, probably nine/’ 

“ Pygidium consisting of a vaiiablc number of segmenbs, ftom 
ten to seventeen, according to species, the axis tapeiing rapidly 
to a bluntly rounded extremity, each segment of axis ornamented 
with bead-like granulations, ribs with a double futrow' extending 
nearly to the border which is smooth and rounded/’ 

This description also iticludes quite a nuinlier of features that 
possess only specific significance. 

(General A W. Vogdes* summarises the clmracterN of the 
genus thus:—1. Glabella short, tumhl. 2. No short lateral 
furrows on the glabella. 3. Basal lobes distinct. 4. Kyes small, 
placed close to the glaliella 5. Axis of the pygidium has ten to 
seventeen segments. 

To this may be added -6. Facial sutures absent. 7. Axial 
furrows continue round the glabella*front. 8. Ornamentation 
bead'like. 

R. F. Cow per Beedt has suggested a genus or subgeiius 
{Brachymetopina) for the European forms without deflneci 
cephalic margins, and non-spinate pygidial margins 

Brachymetopus 8 TBZBLE 0 K 11 McCoy, 1847. 

Brikehym^iopus Btrxel^kii McCoy, 1847, op. etf., p.231, PI. xii,, 
flg.i. T)e Koninck, Foss. Pal. Nouv. Gallesdu Sud, 1877, p.352, 
PI. xxiv., figs. 10, lOo, Vogdes, Trans. Acad. 8c. St. Louis, 
Vo). V. (1892), p.617. Etheridge, B., Junr., Mem. Oeol. Surv, 
N. S. Wales. 1892, Pal. No.6, Pt. ii., p.l24. Reed, Geol. Mag., 
N.S., Dec. iv., Vol x., 1903, pp.193.196. 

(Plate liii., fig8.3-6), 

McCoy's brief description is as follows Char. Glabella 

* ** North Amerioan Carboniferous Triiohites/’ Ann. New York Aoad. 
SoL, Vi., 1888, p.70. 

tGeol Mag., N.S., Dec. iv., VoL x., p.190. 
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widest at the base, with one very minute obscurely marked 
cephalothoracic furrow at the base on each side; all the segments 
of the pygidiuni with an irregularly tuberculated ridge along the 
middle; lateral segments forming large tubercles where they join 
the thickened limb, opposite each of which there is a short 
slender spine projecting from the margin 

Tlie following is a fuller description of the species by F. H. C. 
Reed (o;>. ci/.);- “ Head-shield semicirculur, moderately con\cA, 
with strong raised rounded border increasing slightly in width 
towards the front, and separated off by a deep furrow'. Genal 
angles furnished with slender divergent smootli spines, less than 
half the length of the head shield. At its base is a pair of small 
norlular basal lobes, in most specimens c^uite inconspicuous. 
Two large tubercles are situated in a line down the middle 
of the glabella, follow'ed by a similar median one on the occipital 
segment Occipital segment strong, rounded, separated off 
by a deep furrow. On (dieeks at anterior end of glabella is a 
pair of large tul)ercles one on each side. No facial sutures 
visible. Kyes prominent, reniforro, less than half the length of 
the glabella, distant from the axial furrows about one-third the 
width of the cheeks, and about their own lengtii from posterior 
margin. Surface of head-shield, including glabella, border and 
neck-segment, rather coarsely tuberculated. An indistinct ring 
of larger tubercles surrounds the eyes, and a large tubercle is 
situated at each end of eyes on inner side. Thorax unknown. 
Pygidium semicircular, slightly convex, with spinose margin. 
Axis broad, conical, about one-third the width of the pygidium 
Ht front end, tapers rather rapidly to obtuse point, nearly touch¬ 
ing the border; consists of 9-10 segments, of which eight rings 
are distinct and completely tuberculated across: the 1st, 3rd, 
Sth, and 7th have, in addition, a large median tubercle. Lateral 
lobes consist of six (t seven in some) pairs of pleurie, of which 
the last pair is very small; each pleura is gently curved and^is 
divided sinequally by a strong longitudinal furrow into a broader, 
raised, rounded, posterior ridge, and a narrower anterior ridge. 
The posterior ridge of each pleura crosses a distinct, raised, 
rounded border, which surrounds the pygidium and bears a large 
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tubeiY^lo at tlie spot where it oroHSCK, arifl ii biiigle nierliaii one 
behiiK] the axis. The posterior pleural ridgcH are prolonged into 
short, rceurved, equidistant, and 8iil)equal spines, projecting 
Iteyond the margin. (Tn one speeimen there seems Xu )jo a 
median spine behind the axis In another imiimture example 
the anterior two or three pairs of spines ait* half as long as the 
whole pygidium). Surface of pygidium rather coarsely tuber- 
eulated: the jiosterior ridge of ©uoh pleura Wais 4-6 tubercles, 
and the anterior ridge 6*6 sniailcM* ones. The axial rings (tear 
eacli 5-7 tutwrcles. ' 

“ Dimensions: — 

liengtli of hcad-Rhiohl .S*Omni. 

Width of heial-Hliield 4'5inin. 

Length of ]iygidium 2*5 mm. 

Width of p^'gidiuin 4'U mm. 

For attinities, see 

To quote Ueed furtiier, he remarks that McCoy gave as 
generic characters the circle of tu))ei*cles round the eyes and pair 
of large tubercles at tiie front end of the glalaslla, but these may 
well be considered as of lower classificatory value, end likewise 
the relatively greater length of the glaljella as compared vith 
the European species, Tt does not, however, seem possible to 
regard the peculiar pygidial characters in the sameliglit, though, 
as Vogdes (Trans. Acad, Sc. St. Louis, Vol. v, (1892), p. 617) 
says, we have many other genera of trilohites with spinose and 
non-spinose representatives. The fewer number of segments in 
the pygidium, and the raised spinigerous border separate it from 
all the European forms.'' 

** The genus or subgenus PAa^tontc2^M, as now understood, is 
partly distinguished for analogous reasons from the typical 
Proetu$; and it seems open to question whether the European 
species of /trocAymafe^ms should not be regarded as constituting 
a distinct group or subgenus for which the name of Braehymeto- 
pina may be suggested.” 

Personally, I do not think that pygidial characteristics alone 
are sufBcient grounds upon which to found even a subgenus 

Loe, and Mar. -Dunvegan, Uurragood, and Qlen William, 
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N.S.W. (Etheridge, Juiir., Cat. Austr. Fosa., Camb., 1878, p.41). 
Carboniferous. 


Bnachvmetopub punbtanj, sp.nov, 

(Pi. xlix., figs.l5, 16; Pi. Hi., figs.l, 3). 

Complete form unknown. 

Sp, ChaTB.^Cephalon: length and width 3 min, and 4 mm., 
respectively; Hemiciliptic, surface covered with tubercles of vary¬ 
ing sixe, only mildly convex; glabella conical, densely and evenly 
granulated, very mildly convex, basal furrows well defined and 
joining the neck-furrow, basal lobes small, greatest width about 
one-fourth that of the ccplmlon, length aliout half that of the 
cephalon; the surrounding axial furrow relatively deep, cheeks 
gently convex, bordering the furrow surrounding the glabella; 
they boar eleven tubercles of uniform sixe, and follow a course 
inside of the eyes to the posterior margin; from the frcmt of the 
eyes there branches from this main bead-like chain of tulieroles 
two other sets (one on each side) of 6ve each, which are arranger) 
along the outer boundary of the eyes; the one or two tubei^cles 
in front of, and the one in line with, the back of each eye, appear 
to be larger than the others of these sets; besides these rows 
there are a few tubercles bordering the inner edge of the 
marginal furrow, and the thickened border bears a chain of 
these small bead-like tubercles of uniform size, and about twenty- 
five in number, the rest of the surface being finely granulated. 
The eyes are small, crescentic, close to the glabella and posterior 
margin; neck-furrow shallow, as are also its lateral extensions; 
neck-ring fairly robust and granulated, lateral extensions rela¬ 
tively strong and narrow; border furrow wide and deep; border 
strongly tumid and tuberculate; angles, if not spinate, are acute. 

06f.~The above Brachyroetopus is the first and only specimen 
of the genus collected from the Carboniferous rocks of Queens¬ 
land. It occurs at Trilobite Bidge, Mt. Morgan, Queensland, 
associated with other genera of trilobites. In several features 
it resembles Br. BirzBleckii McCoy, the prototype, and agrees with 
this species and Br. Maceoyi in possessing a well-defined cephalic 
marginal border, bounded inwardly by a well-defined furrow. 
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The tubereulation, too, on this border is similar in the.three 
species. Dimensionally, this species agrees closely with Br, 
judging from the dimensions given by Heed/ so also 
does it in part in the character of the ornatnentation, but in 
part ill this respect, it differs very widely, as the description 
shows. 

The chief differences between our species and Br. Hrzdeckii 
are—1. The character of the ornamentation. 2. The more conical 
shape of the glal)ella in ours, and the absence of the large longi 
tudinally placed tubercles on this part. 3, The more acutely 
rounded cephalon, particularly at the front. 4. The eyes are 
situated closer to the posterior border, and perhaps to the 
glabella. 5. The lateral extensions of the neck-ring are narrow 
and prominent. Witliout doubt, the two forms are closely 
related. 

Since writing the above, 1 have found, on some of the Queens¬ 
land specimens from Rockhampton and Mt. Morgan districts, 
several pygidia and a portion (cheek) of a cephalic shield, which 
belong to the genus Brachyiiietopus. One of these pygidia, 
which is fairly well preserved, J am assuming to be spectl^ualiy 
identical with the cephalon above describod. Its description is 
as follows. 

Pygidium semicircular, only natdly convex, strongly tuber- 
culate. Axis moderately prominent, contracting gradually pos¬ 
teriorly, ending sliort of the border bluntly, with less than half 
its anterior width; it bears five longitudinal rows of tubercles, 
the individuals of the middle row being much larger than those 
in the iws on each side of it. There are at least twelve or 
thirteen rings in the axis, and a central tubei^cle on ten of these 
cati be clearly seen; this applies also in the case of each row 
immediately adjacent to the central one. Axial furrows deep. 
Side-lobes consist of six (I seven) pairs of segments, tlie ridges of 
which are very proiiiiiiefit, and liear several relatively lai*ge 
tuliercles and some of smaller sixe; each of the posterior pair 
iuei*ely consists of a tubercle, and each ridge of the anterior pairs 
liears several tubercles varying much in siae^ the larger being 


Ueol. Mag., Dec. iv., Vul. x., pp.lB2>lfl0. 
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situated near t)ie axial furrows and border; the ribs apparently 
extend into spines beyond the boi*der, mesial furrows of the ribs 
deep. Border of moderate width, and apparently only mildly 
thickened. 

This pygidiutn, though it presents in a general way a 
strong resemblance to that of Br, sirzehckiiy exhibits features 
which help to separate the two forms. The chief differences 
between their pygidia are->l. The axis of Br. dunstani consists 
of twelve or thirteen rings, as against ton in the other 2. Five 
longitudinal rows of tubercles traverse the axis of the former, 
while seven rows occur on the latter on the same part. 3. A 
large tubercle is situated centrally on each axial ring of the 
former, but only on every alternate axial ring in the latter. 

4. There is a smaller number of tubercles on each pleural seg 
rnent of the former than on the similar segments of the latter. 
The pygidial ornamentation of our species agrees closely with 
Br. lodiemis Meek. 

Dedicated to Mr B. Dunstan, Chief Government Geologist, 
Brisbane, whose palieoutological discoveries have been nuitierous 
and ^portant. 

Loti, a^id //or.—Trilobite Ridge, Mt. Morgan, Queensland, 
associated with l\woodtvardi. Lower or Middle Carboniferous. 
Specimens Nos. F1031, F1007, Geological Museum, Dept, of 
Mines, Brisbane; and Np.712, Queensland Museum, Brisliane. 

Brachymktopus, sp. indet. 

Ill addition to the head and tail, which served for the descrip¬ 
tion of Br, dunstont, there occur on specimen No. 712 of the 
Queensland Museum, Brisbane, no less than tluee pygidial frag* 
ments of Braubymelopi, besides ibe pygidiuin wbicb served lor 
tbe foregoing description of Br. diinstani In tbe case of two, 
one is partiaily superimposed on tbe other, and tbe third is 
almost touching ibcKe. On specimen F 1007 is a portion of a 
right cheek, which pi-eseiits features evidently unlike either Br, 
Htrzd^kii or Br, dun$Uini, Two of the fragmentary pygidia 
also appear to be new, and maybe specifically identical witli the 
Intfivldurito which the cheek-fmgment belonged. The materioi, 
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however, in too fragmentary to rlcscrilie and figure. The oreur- 
rence of tliree pygidia in a tnmeli indicates that they may he 
plentiful, and careful searcli may bring lietter speeimeiift to light. 


KXrhANATlON OK 1‘LATKS XhVL-IJJJ. 

PlaUt xlvi. 

f^hifhpMin roffiiw Mitchell. 

KigM. 1, 2, *}, 4, Ti. -Kig. I iHA photo ?iiade fmrri the Npecimen tepre 
Heated in Fig.*2. 'I'he glabellar fealiu’ea ai'e plainly viHible. FigH. 

4, >1 repreKeiit pygidia, and hIiow their eliaiactermtic feAluteH 
very well. Fjg8.4 and 5 v J (aliOilt). {(^11. Mitehell). 

I^biltipf*ia eonitpri Mitchell. 

FigH. U. 7i H, 11, in. - Didemit viewH of one individual. Pig.« a J, and Fig. 
in nearly natural Ki/,e. lit FtgH. H and 1). the mild rlortMl nci ration in 
viHible. In Fig. in, the hypoHtunie ih plainly Hern, and the lather 
targe tnlierele of the tennuial axial nng. (Oott. Mitchell). 

Pftt/fipMia hirnctiai Mitchell 
FigH.lh 1*2,—Oephaluii and tail. ((3oU. Mitohell). 

(tr\llUhi((tA cmtfitranditftiM Mitchell. 

Fig. i:h~ V icw. (Coll. Mitchell). 

PhilUfma ntromhuMi* Mitchell. 

Fig. 14.—The Htieeitic fuatureti clearly repreneiited: f a (Coll. Milehell). 
PhiiliiHiitt Mitchell. 

Figs, In, in.—Two views of a pygidnim. the latter natuial Mi/t‘. 

((kill. Mitchell). 

l*late xlvii. 

/Vof/i/ww rfftntttfa Miieliell. 

Fig.l.- The pygidiuin originally den* i-iIknI by Mr. H. Ktliendge. *hirii.,a#< 

/'. .yivoidiM, It hIiouh the iin|Mirtant featureM rather clearly. (Coll, 
ecological and Mining MuMinini, llcpt. of Miiicn, .Sydney. No.MU'il. 
PbiffifNtin ijniMiiti Kth. fjl. 

V\g.‘2.'-Photo of the Hpeclmcn originally duHcrilicd b> Mr, U, Kthendgi>, 
4v\w., wvVIov which the Mpecitiu ili-amfin wan ttrst Hwggeateil 

\iV h\n\. The hy;utc mWiwh Wiw (ViVferent iu cliArai'teV ai e the p\evit at 
tvoiw thewe vA P. volnorfa; V\w vtwtuvea a\nug tW artvewWvug 
vidgea, and the crvmMW); vd the lawdev Ivy the autenuv v\\», dVAt. 
tfculogical ami Mining Mmeimu Dept, of Minea, Hydney, No.ir>iH>). 
P/ti// 1/^(0 ehiijHifti Mitchell. 

Figii.il, 4.-CasU fi'oui an alinoat perfect mould or cover. Ttiey exhibit 
clearly the featareii of this fine trilobite. [Coll, (r^dogieal and 
Mining MuRouni, Dopt. of Mn^w, Sydney. No. 1500, (oovev)J. 
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-'Hie natural cast. Part of the right side of theoephalon ia absent. 
Shows traccH of the left getial spine. I Coll, (teological and Mining 
Arnseurti, l>ppt. of Mines, Sydney. Kig.S, Fl^OO, etc.). 

PhiHipMta ffnuffotjertAti* Mitchell. 

Kig.ti.—Part of a pygidiuin. sliuwing the continuous bolder, and other 
essential features, ((kill, (teulogical and Mining Museum, Dept, of 
Mines, Sydney. No. 1494) 

Fig. 7.—A smaller ami nearly perfect pygklium; ( x )) (Coll. Deological 
and Mining .Mnseuin, Dept, ot Xfuics, Sydney. No, 1494) 

J’htf/ipnia rohfuifa AlitchelL 

Fig. 8 .--Another view of the pygkluim, only less enlarged. 

Phi//i/nfia nwl»'attli Eth.til. 

Fig.9.—Medial portion of a ceplialou much weatliered. Kbll. tjeolugical 
Museum, l>cpi. of Mines, Dnsiiane. No.F. 1917). 

Plate xlviii. 

All Hgures im this Plate x' ^ alamt. 

tfOH#v,rM*flMdafHs Mitchell. 

Figs.l, 2. - Doisal and sirle'i lew. 

Fig. 8 .—Pygidutm and ii*ec clieuk, with the e 3 *e of a young individual; the 
free eheok pai*tly oovenng the tail, (Coll. Mitchell), 

f'lnfftpHta l•oucheJcmU^ Mitchell. 

Figs. 4 , o, 0 , 7. -Koui pygidia. They exhibit the speciHc teatui’es. Figs. 
«> and 7 arc phoUw of the speotmens used by Mr. Ktheridge for his 
rigtircH (PI. XXI., tigs. 6-7, op. otV., atitea). (Coll. Ceologioal and 
Milling Miiseinn, Ih'pt. of Mines, Kyilney. Nos. K 1495, 3584 (2), 
P 159.1). 

PhiUhpMm co/ZiW Mitchell 

Figs. 8 , ft—Fragmentary head-shield, and faint outline of a poorly pre¬ 
served hut almost complete individual. In Fig.H, all the glabellar 
fealiires are visible. (Coll, Mitchell). 

PhiUiyma A/aafif//emus Mitchell. 

Figs. 10 , M, 12. —Thiw different i icws of a mature individual. The speci¬ 
men represented by these Ogiires was used by Mr. Rtheiidge for his 
Queensland type of /’. dnhitt (PI. viii.,6g..7, r/V.). (('oil. Ceolo- 

gi(«l MuKeum, Dept, of Mince, Jlrishatie. N 0 .FO 6 O). 

Fig. 13.—On this photo are ihi* middle paH of a uephalon and a pygidiuni 
of an immature intlividual. The funner shows the normal and 
dunoo^B hat-like shape of the glaliella, globular basal glabellar lobes, 
and the relatively strong neck-ring. The pygidiuni shows Uie nar¬ 
row, prominent axis, eta, oharooteristio of the species. (Coll. Geo¬ 
logical Museum, Dept, of Mi^es, Brisbane. No.F 980). 
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Phiflipn%a pImmaJia Mitchell. 

Ki«.l4. —Portion of a heacl-Bhirhh tliorax, Ainl tail. Tlip niAikin>(B on tho 
ImsaI glabclUr mv Af.‘rtdental. 'rho noriiml KlAinjllar frontal 
hmh ami anterior courRCH of the faoiat naturcH aro hIiowii. (OoU. 

<ieolojticalami Mining Miii4enn), Dept, of MineB, Syilney No.F!4H8; 
VaI. Mem. No.2, PI xxi., fig.a). 

tuifterlni Mitcliell. 

* Kig, I.'*.--(Jephiiloii niiiiuH Uu* right fw'e cheek. (Coll. Geological and 
Milling MuHcnm, Dept, of Miiiea. Sytlney. So 24). 

I'iuftiftHta u'fttvrhontiu Mitchell. 

KigH. 10, I7r IH.—The Hrat ami aecoml of thvHc arc fiimi an intaglio, pmi 
the other ia from a wpicexc from it. Witli the aid of a lens, the 
features can lie made out. t(\iU. Geological and Mining MuNeiini. 
Dept, of Mines. Sydney. Non. 2H ami 30) 

Plate xlix. 
troor/ffvnv/f Ktli.tll 

Kigs 1 0.—Pygidia, all HMHiinieil to ladong to thin H|>ecieH. All shou prai*- 
tically the same featuien Kiga. 3 and 4 ait* riioit* ntwingly gian- 
ulalod than the othem; hut tins diflerenoe prolNihly aiiHeH fnnn 
degieegof weatheiing. Fig.o waKflgincd hy Mr. Ktheiidge (o/i riV, 
PI. viii.. flg.0)as the normal tail of his P fhiitm, (('oil. Geulogioal 
.Vluseiifii, Dept, ot .Mines, Hrisliaiie. Nos FOHo. K 1024, KlWi5, 
FlOatt, K9«8, Ftm3). 

Kigs.7-8.—Photos of a fraginciitaiy cephulnn. alioui mIhoIi I am doubtful 
that it is rightly placed here. It is one ot Mr. Ktlieridge's types 
(Geol. and Pal. Queensland luid New Guinea, PI. \ ii., tig. 13), (Cull, 
(teulugical Museum, Dept, of Mines, Hrishant*. No.007). 

Phi/fipMia fOt'kham/ftottPtt-itlM Mitchell. 

Figs.O'IU.—Two prints of a nearly complete specimen. Fig 10 has some 
of it« features iiiteiiBified. This Apeoimen was figured hy Mr. 
Ktheridge, Junr., and determined to belong to his P. duhia {op^ ci/,, 
PI. xliv,, fig.4). This Hgui« very indifferently lepresents the 
original, as will be seen by comparing it with the present photosi 
whioli show its ohief ohaiuotenstio fcntui'es clearly. (Coll. Queens¬ 
land Museum, No.716). 

PhiUipiia mofyantiw# Mitchell. 

FigB.lM*2.—Fig.U represents portions of a cephalon, thorax, pygidium, 
and a bypostome. Fig. 12 is a rough sketch of part of a oephalon. 
<Ooll. Geological Museum, Dept, of Mines, Brisbane, No.F 100(1). 

PhUlipsia woodwinnii fith.fll. 

Figs. 18-14.—Photos of the t 3 rpe>Bpeoimen. Fig. 14 has the outline traoed 
in* (Ooll, Geological Museum, Dept« of Mines, Brisbane, No,0001. 
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dunt^ttw MiU^helK 

15*1 tt.—Showing tin* cephaloti and pygidmm of t he HpeoioH. (Oill. 
(■eologioal Museum, l)epl. of MincH, liriHlvine. No. F 1031; and 
Queeimland Mnnenni, Hrislitine, No.712) 

Plate !. 

All figurcH, except 2 and 3, which are alKiui nut. sisw, < 3. 

/*Ai7/i/w«i tjtttndi)* Kth. HI. 

Figs.], 2, 3. PhotoH of a pygidiurn. FigH,2 aud ,3 are frtim cARta of No. I 
in Kig. I. Kefiidea the p5'gidiiini, purtnof at l«wt three fiee cheeha, 
etc., Aie viaililc. One cheek nIiowh within it the hypoHtoine. The 
Ixmlera of these cheeks ate letimrkahly laigc. ((^olK Oeolngioal 
MuBeum, Dept, of Mines, HriKliaiie. Nci.K027). 

Phdilfmit etmigata Mi tel tell. 

Figs.4, 3, rt, 7.—Figs.4 and 7 i*epreRent pygidm. Fig.3 is a Hide-viow of a 
eery Hne apeotmen, and hIiowh, liesKles otltei fcatiiiva, the Aqiiatnew* 
of the eyes. Kig. H, a pygidiiiin and a portion of a head-shield. 
(Coll. Ceologioal and Mining Mhhcuih, Dept, of MitieH, Sydney. 
Non. K 141M>, 15(N), and I0UO). 

/VoV/i/rtMt Mitohell. 

FigR.H, 9,—Two pygidni. Kig.H is a photo of the apecimeii nhown hi Oeol. 
and Pal. (jueeiiHland and New Ouinea, PI. xliv., ftg.6. Fig.9 repre- 
Heiita a young individual, (('oil. (jueeuHland MuHenni, Hiisbane, 
No.833; and Ocological Mitaeiiin, Dept, of Minen. Hrishane, No. 
F792I. 

t/foodfM/Y/i Kth. H). 

Kig. 10.— On this Hpecirnen are iieveral pygiilia and a remarkable hypOMtome, 
doubtfully aRHumed to lielong to thia species; and, in wldition, the 
greater part of a cheek of a Htrwhy^netoptift: the position of whieh 
iM indicated by an arrow. Ceologioal Museum, Dept, of 

Mines, Brisbane, No. 1(XI7). 

Fig. 11.—(Glabella; one of Mr. Ktheridge's types. (Coll. Queensland 
Museum, Brisbane. No.797). 

Plate li. 

If not otherwise indicated, all the figures are x | (about). 

PhUliptia ntorganemns Mitoheill. 

Fig.),—A photo, in two sections, of a specimen on which are parts of at 
IcMt three individuals, all assumed to belong to this speoies. The 
glabellar, pygidial, ocular, and hypostomal features are all dis¬ 
cernible, as are also those of the thorax, (Coll. Geological Museum, 
Dept, of Mines, Brisbane. No.F 1000), 
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l^hUiiiiHui hr^rbt'efjH Mitchell. 

-Photo ot « Hpcc'iineii hIiowhi^ piirluiiifl of two oophalio-fthieldn 
4 iicl a very perfect pyj;ifhnm, wboM (jhamctenHtics are represented* 
Mark the peculiar action near the middle of the tail, which 
sU^geelH a Hhoi t tail, and a portion of a thorax. Fig.3, a portion 
of acephulori. Mhouin^ linih. rnemal tiirmwon the rif^ht, etc. (Coll 
Mitchell). 

/VoV/i/Mtf/ vuttmilin Mitchell. 

Kikh 4-7 -A doiHol and Hide-view of the only pygidium known. The pro- 
IKirtionatob*' \ery wide iKiidet, pruniiticnt axis, (granulation, and 
other fealm^eH are fairly w ell elioa n. In Fi^. g, the axial and pleural 
tliviflions have lieen intetiaificKl ttlightly. (Coll. (ieolof(ioal and 
Mining Muneuni, Dept, of MineH, Sydney. No,FI4117). 

PhiUtpHta MmirdUmin Mitchell. 

Fi('h SdO -Domal and Hide-view of a very peifeot tail, and siiowing tlie 
very prominent, mildly Hcriatfcd axis clearly. In this epeoimen, all 
the axial (1*2. doubtfully 13) are viiiihle, as also are eight 

pleural HegniciitH, and the kteep striated border. (Coll. Oeological 
Museum. Dept, ot Mines, Brisliaiie. No,F 977). 

PhiHtjma HirmideuniH Mitchell. 

Fig. 11.—A medium'Sized tail, having the dorsal part of the axis damaged; 
but otherwise exhibiting the normal features. (Coll. Mitchell). 

PkiUipHta uHiodumrdi Kth. fil. 

FigM. 12-13.'-Portions of oephalons. Fig. 12 shows the glaliellar furrows, 
strong iieok-ring, and supplementaiy lobes, etc., very well. Fig.IS 
exhibits these features less clearly. Fig. 12 is fmm the same speci¬ 
men as that figured by Mr. Kiheiidge, Junr., {op, c»f., PI. xliv., 
fig.5). (Coll. Queensland Museum, Brisbane, No.707; and Geological 
Museum, Dept, of Mines, Brisbane, No.F 1017). 

iooodvfardiil) £th. fll. 

Fig. 14, —This photo shows the fragments of trilobite-remains, on which 
Mr. Ktheridge ehiefly founded his species G, wminifimti var. »««- 
iraiiutica. On this spemmen also occurs the tail of Prarhymetopm 
dunsfant. It remains to be proven that they are not portions of the 
above Bpecies. The tails shown on this specimen have the same 
number of axial and pleural divisions, and kind of granulation at 
those included with the oephalons of P, woedwardi. (Coll. Queens¬ 
land Museum, Brisbane. Na7l2). 

PUte lii. 

PkiU^psm woodwardiiD fStli.fil., and BraelijpmtopuB dunotani MitohelL 

Fig. 1.--This represents a portion of speoimen No.712 of the Queensland 
Museum, Brisbane. On it is tlie pygidium assumed to belong to 
P, woodward^ and a pygidium of Jh*. dunotani in front of the amnr; 
U3). 


37 
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Brtukytnetopwi dmv^nl Mitchell, etc. 

Fig.2.—KnlstTged portion of specimen No. F 1017, lieologKMl Museum, 
Dept, of Mines, llnshano. On it is the intaglio of Br, rfnnstont, 
showing, fairly well, the chief speciho features. The other pygidial 
and oephalic imprints are assumed to lielong to P, tvoodutardi Kth. 

PMhpttia mjmrha Mitchell. 

Fig..?.—Head-shielfl ( x |) from the sattie specninen iis PI. xlviii., fig. 15. 

PkUll^muL ec/ZiiMk Mitchell. 

Fig.4.—A perfect tail of an immature imlividual; f x }). 

GrifiUhide^ cont^xicawlaUiM Mitchell. 

Figs..?, 0. —^TaiU about complete. Fig.5 is that of a young individual, Imt 
shows all the axial and pleural divisions. 

PhiitipHta tnaJtxrhoiimi Mltohell. 

Fig.7.—^From a cast; it shows the glaliellar furrows plainly: luul other 
features 

Plate liii. 

OrtffiihtdeA*) sniee/t Fth.Al. 

Figs. 1,2.—Dorsal aspect. Traces of glabellar furrows are visible, especi- 
ally on the right side generally. The important featurtMi are well 
shown. The photos are from the type>Bpeoimens (x 2). (Gbil. 
Kweet). 

HrachymeiopuA slrzdtckii McCoy. 

Figa.3, 4.—Photos of the enlarged figures of MoCby {foe, ciV. i. 

FigH.5, 6.-^ Photos of ReetVs figures of the species {toe rUX 

OriJUhide$ dubitui Kth. Henr. 

Fig.7.—Copy of the figure given by R. Ktheridge, Junr., (in (leol. Pal. 
Queensland and New Cuinea^ 1302, PI. vii., fig. 12). 

PhiBipina looodteardi Kth.fil. 

Figs.3,9.—Copies of Mr. EtheridgsV flgum {op, cif., PI. vii., figs. 13, 16). 

seminiferus var. atM^mtoten. 

Fig. 10.—Copy of Mr. Btheridge's original figure of a free cheek. 



OMDINAUY MONTHLY MRKTIXO. 


Hkptkmbkk 25Ui, 1918. 

Professor H. O. (Jimprtmn, M.D., RH., President, in the Oli.iir. 

The President announced thatAhe Council had conie to the 
conclusion, that tlie proposed scheme to create a miniature 
Australia in its primary conditioiiH,’* on Ptilliah Island in Lake 
Macquarie, as mentioned at last Meeting, was not a matter in 
which the Society r.oidd move with advantage, at present. 

The Donations and Exchanges received since the previous 
Monthly Meeting (28th August, 1918), amounting to 4 Vols., 38 
Parts or Nos., 5 Bulletins, 1 Report, and 2 Pamphlets, received 
fnun 30 Societies, etc., were laid M{)on the table 

\OTKS AM1> KXHiinm 

Dr. J. B Oleland iiicntioiied that, on two cumsecutive days in 
August last, he had heard and seen a Little Penguin, E^tdpytula 
iHuior^ off Kurrabii Point, in Neutral Hay. 

Dr. U. J. Tiilyard exhibited a slide of some transverse sections 
of the Saccoid feudal Qills of the larva of the Dragonfly Pxewdo- 
phtea sp., (Fam. OalopU^i'ygido!) from Java, sent by Dr. F. Bis, of 
Rheinau, Hwitzeriaud. Tn this preparation, the alveoli show 
some remarkable structures, described originally by Dr. Ris as 
** moss-like branching tufts of standing fibrils,” and considered 
by him to be special respiratory organs of the gill. From the 
photographs which Dr. Ris published of these sections, Dr. 
Tiilyard concluded that they were artefacts, a conclusion which 
Dr. Kis is unwilling to accept. He therefore sent the slide in 
support of his opinion. The slide shows many alveoli in which 
the ftbribtufts project considerably beyond the boundary of a 
single alveolus. They were examined under the microscope by 
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biologuts and physiologists present st tlio Meeting, all of wlioiit 
agreed that they wero artificial products; though it is not pos¬ 
sible to say definitely what caused them, in view of the fact that 
no infornwtion is available as to the raetliiN] of fixation used by 
the collector who took the larvu in Java. (These Procei^dings, 
1917, xlii., pp-fil-M, and Pl.iv., figH.31-33). 

Mr. Fletcher exhibited five portions of typical, water-storing 
Mallee-roots, and one of two bottles of root-water from South 
Australia, received from Mr H. S. Crummer, through the kind 
co-operation of Mr. T. Oill, of Adelaide, and Mr. O. Murray, of 
Fowler’s Bay, 8,A. 

Dr. R. Oreig-Hmith offered some observations, based on a pre¬ 
liminary examination of one of the two samples of water obtaimsl 
from Mallee-roots. 
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NEW AND HAKE FUEHTIWATRR 

Fiy O. T, Plavkaib, latk »S<‘rKV<‘R liKHKAuni H<ni(aAn of thk 
Univkrhity of Sydnky. 

(PlatcH liv.'lviii.; luid €*lcveii Toxt-fi#;iu*cs,) 

Fn the followinjf noto8 aiv eiiib<Mlio<l t»hBervations on a iiuinlK*r 
of new and rare freHliwater a!gip, that have come iindc*r iny 
during; the last few years. Of thoM^ mentioned, a little over two- 
thinis of the new forms, and alK>ut half the others, aw. from 
Lismort^ tlie gleanings of 23 gatlicrings made during the suminerH 
of 1916 and 1917: to he pi*oeise, Sept. 16th, 1916, to May 
i 4th, 1917, and ftimi Sept. 21 at, 1917, to Feh. 10th, 1918. During 
the colder months of May, June, July, and August, very little of 
interest is to be found. The others are from older samples, also 
hx^rlly obtained, or out of still earlier gatherings fi*oin Sydney. 
Fn all, 66 new forins are dosoribtKl and hgurfnl, 2^ Ix'ing iwl- 
rnittcHl to specific tank, 29 classed as variations, and 9 as forms: 
one new genus is proposed. 'Hio figures are, of course, all drawn 
from Austmlian speciniens. 

I/abitofM. —The districts from which the \arious forms have 
boon <ibtained are puredy of local interest, but more general value 
attaclies to the character of the habitat. The tiumliered gather¬ 
ings, referred to, are accordingly claBsified^as follows. Plankton 
80, 81. 90, 99, 100, 115, 121, 136, 258, 265, 266, 311, 316, 327, 
328, 332, 340a, 347, 362. Out of weeds (practically plankton): 
3, 26, 50, 158, 184, 189, 193, 272, 317. Mucous strata: 306, 
323, 326. Ponds, lagoons, and swamps account for the remain^ 
ing twenty. 

One of these last, a swampy pool formed entirely by surface, 
water, deserves spcHsial mention; during the two summers, it was 
responsible for 30 out of the 64 now forms here described. The 
samples which refer to it are 284, 286, 298, 302, 308, 311, 312. 

38 
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316, 317, 327, 337, 340<r, 346, 347, 362. The pool is the drain, 
age of a considerable area of ground swampy after rain, and is 
about 2 feet deep in the centre; in droughty weather, it is often 
entirely dry.* 

On account of its unpromising appearance, and to secure every¬ 
thing that might be present, a quantity of water was taken from 
a spot where there was a growth of coarse weeds, the weeds l)eing 
well shaken up, and the bottom disturbed also to some extent. 
This water was strained through a plankton-net of common calico, 
ground-samples from the swamp being sometimes added. Several 
gallons would be treated in this way, and the last quart, or so, 
of water and sediment taken home in a tin and decanted. 

During the periods mentioned above, a gathering was taken, 
on an average, once a month, the main portion of the water being 
drawn from the same spot. The results show the importance of 
a r^lar periodic examination of a pond. Tlie desmids and 
diatoms were fairly constant, but the Myxt^phycecPy Volvoeacew^ 
and Proiococcoideo! presented, fi'om month to month, an ap¬ 
parently endless succession of forms, new, uncommon, nr not 
previously recorded. Raraly could any of these be noted in two 
successive gatherings, and voiy often they were never seen again. 
For instance, of ChlamydomonaSi 10 different forms, new or rare, 
were noted; of Cartericby 6; of Phcuiat^is^ 2; of Volvox^ 2; of 
Oocy$tiB^ 7; of Tetraedrun^ 7; of Oeminella^ 4. Yet, in two 
summers, the most that could be said was, that a few of them 
had been recorded a second time. 

Of course the swam^ with its ever-changing conditions of life, 
is the real breeding-ground of all these forms, the pool being 
only the repository of them, ChlamydomonaB and CarUria are 
notoriously dependent on rainfall, and are very sensitive to stag¬ 
nation; but I find that forma of Oocystu and Tetraedron are 
just as irregular in their appearance. Probably, the reason is 

* Swampy pools of this sort are the best places to searoh for new and 
rare forms of miorosoopio lifet permanent waters, on the other hand, oan 
generally be relied on to yield a mioro-flora and fauna of unvarying 
ohaiaoter. 
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to be found in the pi*opapition of all tiiene by nuttmporeH. 

'J\) l)egin witb> the autiwporefl differ slightly (and sometimes more 
than sliglitly) from the paiHint-cell, and their subHequent develop¬ 
ment along diverging lint's will, no doubt, result in more or less 
widely differing forms. 

Another interesting point to be noted is, that now and again 
one or other of these forms would he reeoi*ded (it the mme time 
from some other pool (xinnccted with an entirely different water' 
filled, or even in another part of the ncighliourhood, but they 
were just os evanescent. 

MYXOPHYCEJE. 

Syii. Phycoehromophycen*^ Cya^iophyceif^ Sehizophyccie, 

Kam. CHROOOOCCACK/K. 

Gksnus H YNfSciiooooouH Nag. 

Synrchococcuh orakdis, n.sp. (Text-ffg. 1). 

Gelluhe magntt, crassm, oblongo-ovales; apicibus 
late-rotundatis; lateribus arcuatis; cytoplasmate 
leruginoso, granuioso. 

Long. 33, lat. 23 /a. Lisinore(345). 

Of N&geli's three species (Gatt. einz. Alg., p.56, 

T. i.E, f.1-3), none are over 20/i long. S, major 
8chrdter, the neai'est in size, is cylindrical. See 0. 

S. West, Br. Frw. AIg„ p.347, f.lBlD, E. 

Genus Mrrismopkdium Meyen. 

Mbribuoprdium pumctatum Meyen. (Text-ffg.2<c). 

In Wiegra., Archiv, 1839, p.67, sec. Ilabenhorat, FI. Eur. Alg., 
ii., j),57, Syii*, Kiitzi^ii Nag., Lc.^ p.56, T. i.D, f.2. Con 
tents generally pale blue. Usually found in our waters in isolated 
sets of four cells. As figured, luiwever, out of weeds in the river, 
the cells were in large sheets but still semi-detached in coenobia 
of 4. 

Cell, diam. 2/a. IJsinore, Hichmond R.(272). 

* Syntehoofccw fpHjmdUy n.sp,, ( < 960 ), 
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Var. OBLONOUM Playf. (Text*fig.25, c). 

Biol. Biclirii. River, p.l.'lS. Generally sparsely distributee! in 
isolated sets of 4, or more rarely of 16. The latter were frequent 
in plankton from the Nymboidia Hivt'r, near Grafton, where J 



Text-fiK-2- 

(a) Merimnopedium punctatiim Meyen, forma. ( x.'KlO); (6, c) var. oblcnyum 
Playf., {h xlOOO, c x660); id, e) var. menUafum, n.var.. ( x660); 
if) if. cyamum, n.sp., ( xOOO); ig) Af. dtgam var. confttrirtim, n.var., 
(X 600); (A) M. duplex, n.ip., (x 13S0). 


even noted a large emnobium (30 x 20/i) of four sets of 16 cells 
each. The cells are irregularly oblong, the contents pale blue. 

Cell. long. 2-3, lat. (plerumque 3 x 2/i). 

Li8more(360); Grafton (265, 266), 

Var. VACUOLATUM, n.var. (Text-fig.2cf,«). 

Cellulfe globosee vel oblongie; media cellula loco vacuo magno 
oocupata. 

Cell. diam. 2/i; vel long. 3, lat. 2/a. Liamore (360). 

' The cells are irregularly globose or oblong, and the centre is 
occupied by a large vacuole giving each cell the appearance of a 
ring. Globose and oblong cells are BOfnetimes mixed in the same 
omnobium. 
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Mkkismopkdium oyankum, n.sj>. (IVxtH".^/). 

Ct‘-UulH* ovalos vel eytoplaKmatc cyaneo. 

(Jell. lung. r)-(), lat :ifi. PottM Hill (121). 

Crpnobiurn of 4 eoiJs lueaKui'ed i2xf)/j, Om* cells not ijuite 
divided; the wjIoui* of tlio cell contenlHa strong bright blue. 

MkKISMOPKIXUM KI.KOANS V. flONSTniOTUM, ii.var. (Text.fig 2//). 

Cipiiobiuni ineinbranaceum, exteiisuni, e cellulis permultis, ron- 
fertis, composiUun; cdhilis oblongis medio consIrictiH, cytoplas- 
maU* <lilutc oierulco vel dilute viridi. 

Coinub. It mg. c. .'iOO, lat. c. 200; ctdl long. 6*7, lat. l-o/i. 

Lisinure, Kichinond K. (1H4, 19*)). 

The cfeiiohia wei-e wide-.spivading, eofitaining 1024 cells (32 x 
32) or HO. Cells oblong, coiistncterl in the middle, pale blue <»r 
pale green. A few cells of the type present, oblong, not c!on 
.stricted, 6 x 4/ji. 

/ 

Mbribmopkdium uuplbx, ii.sp. (Text-6g.2A). 

Cellulw spInericH* vel ovales, I’emota'; cytoplaHinate dilute 
cjeruleo. 

Cell. long. 4, lat. 3/x Citogcte (4). 

Ctenobia sitiall, alsiut 30 x 25 /a, consisting t>f 8>32 cells gener¬ 
ally ft mild half-divided, ivinoto Contoritfi jiale bine. 

Kiuii. ()S01LLAT0ttlACJK.K. 

(4enua O 8 c i L l a t o ft i a Vaucher. 

OsClfiLATORlA FLBXA, ll.Hp. (PI. iiv., flg.l). 

Stratum iiiucoHum, foliaceuin, saturate viride; tilis arete iii- 
trieati^ roctis, juxta apices subito deilexis, baud attenuatis, 
apicibuH rotundatiH, vuginis tcuuissiinis; trichomatis dilutissitne 
lerugiueis, ad geniciila haud constrictis; articulis siibquadratis 
vel cylindraceis; dissepiiuentis wgra cornendis, haud granulatiH; 
cytoplaninate teiiui-granuluHo. 

Diam. HI. 2^-3, cell. alt. 2-8/i. Lismore (317). 

A mucous stratum of dark green Hakes in shallow water at 
the grassy edge of a swampy pool, in quantity. The filameuts 
were very lively under the microscope, as is usual with species of 
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thiN mid tlit; sheath, though very delicate, was quite dis 

tiiiel 111 hiHikeii HlanientH. 1 have always found it so, oven in 
the liiiest K|M»<*ies of OevUhitoi^ia. The filanieiitN, in general quite 
stmighl, were bent suddenly alioiit 10// fi-oin the end, which was 
not attenuated. 

OsClIiLArOKlA S1MPMC1S81MA V. OHANULATA, Il.vai'. (PI. Hv., f.2). 

Kurnia dism^pinientis tenuiHsiine granulatis. 

Diam. fil. 8, cell. alt. 4-8 (p]erumr|ue 4ft). 

LiHinoi*o{.*127). 

Filaments fi'oivtjoating in prodigious quantities, colour pale 
gi'cy-green, contents finely granular, as also are the dissepiments. 

Var. CONHTRICTA, n.var. (PI. liv., f.3). 

Forma triclioinatis ad geiiicula levissime constrictis. 

Diarii. fil. 13, cell. alt. 4-8/a. Lisniore (350). 

Filaments free-floating, mure than half as broad again as in 
the type, with the cells slightly constricted, a mere nick at the 
edge. Colour pale blue, contents homogeneous not granular. 
Type ill (loiuont, Monog. d. Oscillari^s, p.2l9, PI. vii., f.l. 

OsCILLATORlA PRIVCSF8 Vauch. (PI. Hv., f.4). 

Diain. fil. 30-57, cell. alt. 4-8/a. Lismore (350, 352). 

Colour pale grey-blue or gr^-green. I mention this species 
* for the sake of giving a figure of a piece of empty sheath show¬ 
ing fixed dissepiments right across, with incipient intermediate 
ones. In surface-view, the septa appeared as faint transverse 
lines, but, in optical section, they showed bulging to one end, as 
if the cells bad been violently forced out. 

Genus Fhormioiuh Ktltz. 

PUOBMIDIUM GRAKOE, n.sp. (PI. Hv., f.5). 

Stratum papyraceum olivaceumj filis reotis, apioibus rotuudatis, 
calyptra nulla, vaginis plerumque crassis; tricbomatis saturate 
viridibua interdum luteolo-viridibus, ad genioula baud constrictis; 
articulis brevissimis; dissepimentis latis, baud granulatis; oyto- 
plaamate tenui-granuloso. 
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Diam. fil. 21-23, trich. 19-20^ coll, alt 1^-2^ (plerunujUB 2/1). 

LtHniore (323). 

An olive-groeii irtijiynioooiiH stratum in givut <juantiti«H (»ii tlic 
of a creek-pool, after heavy rain followed hy Iieat. The 
trieijoines under tlie microscope weiv of a brilliant yi'een colour 
(very unusual iu this family, but found also in O. vitjW'viridi^) 
or somotiincM yellow-gix'oii. The tips of the filaments weiv soine- 
times rounded, but generally slightly coiistrictetl at the tenninal 
cell so as tt> be siil>capitati*. 

Phukmioium numakium, n.sp. (P). liv., f.6, 7). 

Stratum papyracedlu olivaceuin; iilis aiigustisKiinis iii'cte iii- 
tricutifi, vagifiis teinnssiinis, apicilms rotundatis; tnchoinatis 
dilute cieruleis, ad genicula valde con.strictis, articulisbrevisHimis 
disjunctis; cytoplasinate liomogeiieu. 

Diam. HI. 2, cell. alt. Lisrnora (326). 

All olivc^green {>apyracoons stratum on the curb stone near a 
down pipe. The coIIh of the trichomes are disjoined and are of 
the palisiule-type, reminding one of a roukau of coin, at most 
ipiodrate liefoit) division, only to lie distinctly made out with 
the obj., the contents hoinogeneous, pale blue with a darker 
liaiid at the sides. 

Pam. NOHTOCACE^. 

Genus Anab;bna Bory. 

AnABASNA AUSTRALICA, n.sp. ' (PL Hv., f,8, 9). 

Tiichuniata aiigusta, recta, libero iiatantia, ad genicula 
levissime con-stricta; cellulis rectaugularibus, adpressis, apicibua 
truncatis; cytoplasinate dilutissime ceeruleo pasiie hyalino, homo- 
geneo vel miiiutissimo granulato; heterocystidibuB angustis cyliii- 
diuceis, apicibus ixitundato-truncatis; gonidiis angustis cylin- 
dittceisi apicibus I'otuiidatis, lateribus parallelis, juxta hetero- 
cystides ordinatis; cytoplasmate puiebre eyaneo, granulate. 

Cell. diam. 3-4, ait. 6-10, plerum 4 ue 8; heterocyst. diam. 4-5,. 
ait. 10^*15; gonid. diam. 5-7, alt. 19-32/a. 

Idsmore (327, 337). 

Pound free, floating. Tricbomes narrow, very pale blue, 
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alinu8t hyaline, with cells ho strictly rectangular and bu closely 
adpi’cssed that the trichoino 1ms the appearance of an 0«r,illahina\ 
the slight coiiHtriction at the joints, a mere nick at the Oflge, is 
diaceriiiblct only with the ubj. (often the dissepiments also), 
contents homogeneous or finely granular, lieterocysts narrow, 
strictly cylindrical. Goiiidia one or two on either side of a 
hetcrocyst, narrow, cylindrical; contents bright blue, gniniilar. 

Var. roNSTRiCTA, n.var. (PL Hv., f.lO). 

Forma gonidiiH in medio coiistrictis. Cell. diam. *1, alt. S-lO; 
hetcrocyst. diam. 4, alt. J1; gonid. diatn. 1-6, alt. I9~21/i. 

Ijismorc (.‘150). 

A form with nithcr short gonidia somewhat constricted in the 
middle. 

Anab^.na VAR1ABIU8 var. GYUNIJUAGEA, ii.var. (PL Hv., f.l 1-13). 

Tnchoinata fiexuosa, dilute cterulea, »id genicula constricta; 
coll nils stricte I'ectangularibus, disjunct! s, apicibus trurumtiH; 
cytoplasmate minute granulato; heteroeystidibus oblongis vel 
ohlongo-cylindraceis, apicibus rotundatis; gonidiis doJiformibus, 
c|uadrati8 vel oblongis, disjunctis, apicibus truncatis. 

Cell. diam. .3, alt. 4-6; heterocyst. diam. 4-5, alt. 7^-10^; gonid. 
diam. 6, alt. 7-10^/x. Liamore (316). 

Easily i*ecognised as A, wruj^ilis by its catenate gonidia romote 
fi*ojii the heteixicysts, differing from the type, however, in its 
ractangular cells. All parts of the trichurue also seem to be 
slightly more slender than usual, llio gonidia weiH: perhaps 
iminaturo, and would probably become oblong with rounded ends, 

Anabasna osciLLARioiDKS var. GRAHHA, n.var. (PLHv., f.l4). 

Forma cellulis crassioribut^ globosis (e divisione oblongis ve) 
obloiigo-constrictis); cytoplasmate leruginosu; heteroeystidibus 
iuterdum minoribus,'sphsericis; gonidiis oblongis, apicibus rotund- 
atis, cytoplasmate leriiginoHo granulato. 

(1) . Cell. diam. 6-8; heteroeyst. 4; gonid. diam. 9, alt. 22-23/ui. 

Liamore (298). 

(2) . Cell. diam. licteFocyst. 8; gonid. diam. 12, alt. 25fi. 

liamore (337). 
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Tn this form, the (‘cIIh are hruacler and the heteroeyst^ .some 
times niimjwer tlian in the type (cell. diam. t-O, heteiuKsyst. 6-S, 
^onirl. S-10 /a); r/. Hornet et Flahaull, Hevi.s. d, Nasto*;., 

Tildeii, Minnesota Algie, i., p. 103, PI. ix., f.lO. 

ANABiKxVA UAXA \Al\ n.\ur. (P). li\., f 15, Ki). 

Forma heteiiH'ystidihus cylindnieeiN. •'oindiis rylindriiceis 
etungatis. 

Cell diam. 6*7, alt. hetenaysl. 7, all. I 1 16; ;(onid. 7, 
alt. 33 /a. 

Ihitanic GaidciiH, Sydney (15S). 

-Cf. Sj/fut'ritz^ffa {Annhtvna) hu^a lialjonliorst, FI. Fin* Al^., in, 
p.l03, Tihlon, Ac., p.l92, PL ix., In the ty|a‘, the hetero- 

cysts are sphencal, and tiie i^'oiiidia are shorter. Cell contents, 
in our form, pale blue, in tlie heterucysts and ^oniiHa a deei)er 
blue. ]ial)enhorMt, Ac., /^ives 

and **K/ao‘is . . mlnvtUo taft'o-viridihm^^ for the type, 

<ienus Cs MXintOHPKKMUM Kut/. 
CVUNUKOHPKRMUM HTAOSAnK V.AUSTKALK, n.\ar. (PI, li\f. I 7-3 I ). 

Forma cellulis cyliiidraceis, disjunctis, apiedm<4 trun(*atis ; 
helenxjyBtidihus ohlun/^o-eylimlracAsis vel conicis ; i^onidiis oh' 
longis vel oblonj^hcylindraeeis, apicibuH rcftiindatis, cyUiplasiiiate 
pulcln-e eyaueo vel dilute \iriflj. 

(1) . Cell. diam. 4-5, alt. 5-10 (plerunupie 7-N), lieteroeyst. diam. 
4-6, alt. 8-11; /^nkl. diam. 9-13, alt. IH-30 /a. Lismore (303). 

(2) . Coll. diam. 3, alt. 4 10 (pleruim|ue 4-5); hetei'dcyst. diam, 
3-4, alt. 7-14; gonid. diam. 7alt. 11 -13//. Lismoi'u (306). 

Cf. G. H. West, Hv. Frw, Alg., p.328, f.l50; Tilden, Miimesutu 
Algie, L, p.l98, PL x., f.3. The type has oblong Mis; in this 
form, they aitt quadrate or cylindrieul. I found it once (sample 
306) as a grey-green, foliime<ms, iitucsms stmtuiii at the gmssy 
edge of a swampy pool. Though the cells and lieten>cyAts of the 
interlaced trichoincs wci*e uU of the same siise and shape, tliere 
were intermingled in this one stiutum ihret* diaiuhct (ypaa of 
^onufta. The most frequent answered exactly to t\ 
another 1 liave already described as C. r^ctcmgulare) and the 
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thii'd seems t«> Ihs a form i>f f\ (rot'fzei Schmidle. 1 have 
(i(><;on]e(i tlicse forms NpcciHc rank, ah it is the general practice, 
and cmiveiiient foi* cluSHificutioii; besides, what should In' ehur- 
iu;teristic of a species in tliese plants, if not the shape of the 
gonidial Nevertheless, their lieing intermingled in one mucous 
stratum indicates that they at*e merely allotropic forms of one 
plant, bmught about by diffeixuit modes of growth. 

Most <»f the tnchoiiies in the mucus wei’e mei'ely iiiterlacefl. 
but here and there they were (‘losely coiled in a spiral manner 
(PI, Hv., f.21). This is not uncommon in fi'ee-swiiuining filaments 
of the plankton, but very unusual in mucous strata. 

CVMNUROSPKHMUM RRCTANaULARK Flayf. 

(1) . Uonidia thin-walled, I'ectangular, heterocysts oblong or 
acutely conical. 

Cell. diam. 3, alt. 4-10; heterocyst. 3-4, alt. 7-14; gonid. 4, 
alt. 14^. 

Lisinoro (306). (PL liv., f.22). 

(2) . Uonidia thick*wallod,.cylindrical; hetei’ocysts oblong. 

Cell, diaiii. 4, alt. 5-10 (pleruiuque 7); heterocyst. 4<6, alt. 8^- 

10^; gonid. diam. 0^-12, alt. 29-38/1. 

lismore (302). (PL liv., f.23). 

G/. Frw. Algio of the Lismore Distr., these Proceedings, 1916, 
p.349, f.A. 

Var. PARviCKLLULA, n.vap. (PI. liv., f.24, 26), 

Forma cellulis minimis, plerumque adpressis, quadratis vel 
diametro brevioribus, cellula apicali acute-conica; heterooystidi- 
bus oblougis; gonidiis intenluiii lateribus pauUo arcuatis. 

Cell. diam. 2-2^; hetei-ocyst. 3^, alt. 7; gonid. 10, alt, 24/i. 

Woy Woy(270). 

In a gathering kindly sent me by Mr, A. H, U. Lucas. The 
cells are unusually small for plants of this family; it should be 
noted, too, that the goiiidia are not any smaller on that account. 
The walla of the latter were incrassate, rufesoent and acrobicu- 
late; this takes place with age, however, in the gontdia of every 
speeijsB, 
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OvLiNDitosPKHMOM (UncTZKi Schiii., formu. (PI, ii\., f.26, 27). 

TrirhoifiHtH ml i^ouHtricta; oelluliH qundmtis 

\t*! oyfindmcBiN, (lisjuiiutis. hotiM'ocyHticJihus oblon^iH vei (HmiciM, 
^oniiliis laiUM^olutis vH siilHloiit'oniuhuK, apicilniH an^atHtiH trun- 
catift. 

dium. H-5, alt. 4-10; lieteiwvHt. .*^'6, alt. 6-14; ;;uiiifl, 7-10, 
alt. I I-22/1. Liwiioiv (506). 

(' rpctamjidav*^ Playf., /Ktr/tw, Krv\. Al^j. LiHinoiv, p.54y, f.A. 
i[t\ Hcliinidlc, Scliiz. Coiij. Chlor. in Eiigler's Plora \n!i At'rika, 
U. xxii., p.245, T. iv., f.5. In this, hh in all other Hpecies of the 
family^ the celln aii<J heteiiK»ystK iimy vary nincli in shape and 
size, but the form of the gunidia is eluiracteristie. With the 
tlu*ee Hpe<;ieH of VyrindroifjH*rmnm mentioned above, eompare 
AwtbtfiTm iwci/Wmw^PA (type), it» var. MtPiivftpara Born, ik Flail., 
and A. Volzii liemin. lliese «how the same three aliutropic 
forinu of gortidtii in what in, biologically, one Hpeciee; they are all 
found here with the same (quadrate or cylindrical) relln and 
lieterocystK, veiy often alno accompanying one another, 

Kam. SC’YTONEMACK^. 

Gonut) T O L Y P O T H K I X Kutz. 
ToLYPo^rHHix LANATA(DeHV.) Wartmann. 
(Text'6g.3). 

Biarn. fil. 15-17, tiich. 14; ceil, alt.4'8 
(pterumque 4); heterocyst. 15 x 14/i. 
Gmfton, Nyinboidia K. (265). 

Our specimens agree in dimeusions 
fairly well with those given by llaben- 
horat, FL Eur. Alg., ii., p.277 (61. diam. 
14-18^, tricb. 11 - 16 /a), but tbe cells are 
much shorter(equal to, slightly less than, 
or half as long as the diameter—Habh.). 
Hlieath colourless, ^ to 1 |/a thick, trich- 
oiues constricted at the dissepiments, 
cytoplasm pale green or pale grey-green, 
very finely granular. 

Text-flg.d.--fo2sy?o2Arir lanoto (Desv.) Wartmann; (x60a 
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FLAGKLLAT^. 

Film. H YMKNOMONADACK.K. 

(JcnuH S Y N u R \ FUhr. 

Synuka «:ranulos\ Plaj'f. (PI. Ivi., f. 1-3). 

I aiiotlier figui'e of the c*eJI« of this sjiecies, that in Frw. 
Alg. hinmore, PI. xlv., f..‘i, being shown too finely granulate. The 
grariuh's ai^ ooai*Ne, no more than 16 being visible at the 

edge, nnind the anterior margin. Some, that I notwl lately, had 
from J to H minuU* ilark reil, or nearly hlaek, irregulai* granules 
at tlie base of the tlagella; or, sometiinos, one, larger, simulating 
a stigma, in the gap between the chlomplasts (PI. Ivi., f.li, 3). 
The chromatophoi^es in this i»se wei*e a very pale green without 
any trace of yellowness, and the (senohia peculiar in being oblong 
(not globose and stellate), with the cells attached round a central 
peduncle. The oingin of these oblong emnobia lioeame clear 
later, when 1 found a lung cylindrical civnubiutn (80/^ long by 
:i0/i broad, cells long. 12-20, lat. 6-10 /a) with a central inucouK 
or raoinbranouK jieduncle (PL Ivi., f.l), Tlie latter being gradu¬ 
ally drawn apart by the perpetual twisting of the colls, the 
cceiiobiuni biioke up into two oblong colonles. In the same way, 
these probably break up into smaller gmups, which lieeoiiie 
n‘guliir]y stellate by cell-division. The formation of the coenobia 
ill this genus would apptxir, tliei*efore, to lie on somewhat the 
same iines as in Anlhophf/m vfgefmitf. 

Genus J' k s s k l l a li j a PJayf., ?MfH. emetid, 

Vj\ Frw. Alg. 1 ASM lore, p,.’ll5. I find that is piv- 

occupied by Khniiibeig for a gcmis of diatoms; f have altered 
the name of my new genus, therefoiv, to Tettsdlaruu 

Tkhhkllakia voLVfX'iNA Playf. 

fn PI. Ivj., f. b I give a figuni of a yellow-gi^sen flagellate evi¬ 
dently belonging to tliis family, which I think is very probably 
a froe %o(iid of this oigaaisra. In sliape globose, truncate in 
front, (liam. 10/a, with two long flagella, two small yellow-green 
chromatophores confined to the anterior part of the cell, and a 
number of relatively large refractive globules scattei^ round 
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just inside ttio inoinhrano; inoinhmne very delionte. ()iu* e.v. 
wan noted at the side, lint porlmpn jnojt* \v(*re pi'eseat eoncJeali»<l 
by the >;]obuleH. 

This or^niftiT) in its early stages seems to be distinctly a 
plankton-form and to have a fondnt^ss for t!i«» surface layer of 
water. Only later, when tlm ecenotna liave become heavier, dt> 
they fall to the bottom and Ijecome ^^I’ornid-forms. On the 
suifaoe of a gathering which was ludng dt'cantod, 1 was able to 
descry, with the help of u CmUUngton lens and a ray of dii-(H»t 
sunlight, quite a miniature w'ortd of iniero-dora and fauna, 
among wliich there; turned out Im* ituinlters i»f Ti^sHfiUaria 
cceiiobia of varying sixes but all small. 

Incf^rUt^ sndiH. 

Genus Xantiioi>iscus Schow. 

XANTfionfsouK JiAUTKKBAOtii Schew. (PI. Ivi,, f.5, (5). 

liilchewiakow', Qocigr. Verbi*eit. <1. SnsswasserprotowKjn, Mem. 
Acad, sc, de 8t. P^teralKnirg, Scr. 7, T. xH., 189.‘b A mre 
flagellate, about whose position and chamcterlstic^ there seems 
to Iks souks uncertainty. Willc, Ctmj urul Chlorpli., p,21 (in 
Ktigler it Prantl, Die naturlicheii PHinixerifamilien) has [daml it 
as a doubtful genus of the i*elying, apjmn^jitly, on a 

certain similarity to Vkhmydimtona» in the arrangenuMit 4>f the 
(K*lboonteniK (fig.7D, E). 1 first obtaimsd it in gtt'at abundance 

4mt of MifviophifnHm in the Drphan tSidiia)! Cm^k, lusar Cfinley 
Vale llailway-statiou (March, 1909), and afterwanls from Fair 
field; I have noteri it also from Gardener's Rimtli Botany. Un¬ 
fortunately, the disposition of tlie contents was vague, and ray 
lenses at that time not good enougii Ui distinguish any details. 
My recollection is, that the clinmiatophores were pale yellow- 
gi*een (not brown-green as described). One |K>int, however, 
which is quite certain, has not been noted either in the figure or 
description (/.c.), vix., that the cell-wall is in two parts, as in 
Pkaeotus^ merely agglutinated together. The organism appears 
to be a freshwater survival of a large marine family of flagellates 
— ^the ProrocnUnicmt —distantly I’elated to the Peridinifit, 
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Stoin, in Natur^. d. FlagelL, ii., T. i., £.27-33, it as Dina- 

pyA'iH /fM'w 8tein. Ho r1u>ws a jiair of c.v. in front; the large 
pOHterior globule, hecortaiderR the tiiicletis; and the Nmaller contra] 
bodicH, pyrenoids (two appear in his Rgui*eA), Tjemmcrmann, 
however, lleiHCi n.d. Pacifie, p.361, mentions Dvn<ipyod» Ifxvin as 
a synonym of Kxnaienu Lima (Ehr.) Hchutt, {Cryptamanas Lima 
Ehr.), quoting Schiitt, (iyimiodiniaceie, p.8, ftg.9 (in Engler k 
Prantl, Kc.), Sohewiakow’s genus and species, thei^efore, would 
seem to be invalui. Ah n freshwater form, it is known only 
from Australia. 


CONJUGATE. 

Genus Bpirooyra Link. 

Hpirooyka Lismorrnsib Flayf. 

Biol. Richm. River, p.28, PI. iii., f. 1. Noted also from the 
Nymboidia River (Grafton Water-supply), infertile. Tt seems, 
therefore, to bo a plankton-form. 

Spiroovra MiRABiLis (Hass.) Kiitz. ('texM)g.4). 

l>iam. cell. veg. 1.V23, alt. 230-245; cell, fruct. max. 25-42, alt. 
180-190; ssygosp. 21-34, alt. 44-93f*. 

Lisinore (308). 

CJ\ Petit, Spir. de Paris, p.l4, PI iii., f.3, 4; Borge (in Paseher, 
Hiiaswasseril. Deutschl.) ZypxpmaUu^ This seems to 

be the first rocoi*d of the conjugation of <S]p. mirahiVwy as Borge, 
Ac., 1913, says ^^Kup^ilaiion nicM bekamU.*' The vegetative cells 
were very long, 10-16 times the diameter; there was one chiom- 
plast making 3j^-4 turns. With this species should be compare<l 
«S^. Sprenana Rahh. 'J'he two are so very much alike, both in 
characteristics and dimensions, that, in spite of the replicate cell- 
ends of the latter, I am not convinced that they are distinct 
species. Moreover, Him, Finltodischen Zygnemaoeen, p.ll,f.4, 
in Sp, (eamora slender form of Up, Spreeuma) 

and in Sp. Spreftia/tta itself, /.c., p.l2, f.5, shows both simple and 
replicate septa in the same filament So also Borge, in Spirogpi^a 
spP'f Sihirjens Chloroph., p. 8, f. 2, 3 (^Sp, Upreeiana stouter 
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Text-fig.4. 

Sjm'Qijyra mh^ohilist (Haas.) KBU ; in) conjugated ocUb ( x330)* (6, r) two 
Bises of xygoapore^ {h ^ 06<), e xfi(N)); (d) form with broader fi)AiiientA 
and larger, more slender sygospotv, ( x 3.W), 


dimensiijna of all these forms; in the c*hai'a(*terM of the t^llg, 
chloroplastH, and zygospores they are all one. 


- 

num. 

Zygo. 

1 

Sp, mit’afn/iM 

cell. veg. 
18.27 

cell, frnct. 

•—42 

diam. 
24.29 \ 

alt. 

4-2 plo. 

Ours 


2542 

aplano./ 
2134 / 

44-93 

Sjh Spreeiana \ 
(Borge, Zygnem,) / 
Sp, mitmmo^naia ... 

18 24 

3042 

\ 

30-30 

2-3 plo. 
2-3 plo. 

13-17 

25.441 

23 33 / 

46-75 

%‘»tngywBpp., \\ 

2631 

7 40.48 

\ 

30-46 / 

2*3 plo. 
97-118 

Borge i: 

1 



\ 

2i plo, 


Let kiiuiMmcifntia be united with Spreeiana^ and our 
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sp'cinieiiN rt^ire p('rftM.'tly with them in all pnintH^ as well as with 
Sp. /niVrtAt/w, 

SpiKon^HA NR<iLK(’TA (Ilass.) Kut/.. (PI. Iviii., f. I 13). 

A. Coll, yen- dinm. 10-57, alt. 53-360; cell, fruct. diam, ad 
dissi>|). 16-57, ml iiiHatinn. 6fi-6S, alt. V2 12f>//. Zy^yospora* ut 
aequitur;— 

a Zygo. late ovales, long. 52-66, lat. 1249/i. (PI. Iviii., f.3). 

h Zj’go. lotigius ovales, long. 64-74, lat. 45-51/i, (PI. Iviii., f 1). 

r Zygo. oUipticje, long. 7S-91, lat. 16-51/*. (PI. Iviii,, f.5). 

//. Zygo. obloiigio, long. 75-HO, lat. 15-51/*. (PI. Iviii., f,6), 
Lisinore (353). 

(l/\ Petit, SpiviHf. d. Paris, p.26, PI. ix., f.l-5; Borge, 
mahn^ p.29, ^.36. In the v'ery short cells, tliei'e uiv generally 3 
chloroplasts making 1 turn; in the long cells, 3-5 chloroplasts 
making 2-3 turns. Thiw forms of chloroplast also weis‘ noted 
intermixwl; all, however, had the eentml ridge, which is said Ui 
be characteristic of the spensies:— 

(1) . As in Petit, Ac., a narrow flelicate band with iiiiniitelv’ 
lri*egular (xlges, and very small, almost indistinguishable, pyix^- 
iioids. Only noted in utieopuiated celts of fertile* hlaments, 
(PI. Iviii., f.7,8). 

(2) . A very delicate band with ftnely 6mbriate<l edges; also 
with very minute! pyrenoids. (PI. Iviii., f.9, 10). 

(3) . A moi*e robust band with edges irregularly scalloped, nut 
hmbriated, and with large, distinct pyrenoids. (PI. Iviii., f. 11-13), 

Four distinct shapes of zygospore were noted in this one 
sample, and, in such profusion, as to be all present under the 
eovor-glass at one time. Inflated sporongial cells, and uninflated, 
were noteil in the same conjugated filament (PL Iviii., f.l, 2). 

B. —Cellulie vegetativfe paullo crassiores ; zygosporis paullo 
majoribus; chloroplastidibus tenuibus laciniatis. 

Cell. veg. diam. 62-64, alt. 70-120; zygo. long. 94-100, lat, 
52-66/1. Lismore (297). 

A broa4^1er specimen than usual, with slightly larger zygospores. 
In gatherings of Sp, neglecta there may generally be noted a few 
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filaments of Sp, nitlda^ imily (listin^uisliCH! liy tlioii* ^ifater 
Im^th : —diain. cell. ve/j. 95>llfi, alt. 3-5 rhloniplnsts 

making :i-3 tiiriis, edges scalloped, a t^cntral ridge evident here 
jind tiiei-p, large pymioids 6-10 to the* half turn. (Msmore, 352, 
-35.3, -358), It is not unlikely that they really form one .six^cies. 
>7>. FuUflMran Schni., Alg. aus Nyassaseo, p 7fi, 1*. iii., f.2 (fil. 
fliain. 40*42, zygo. 64-HO x K)/4)HeeiiiM to me a somewhat narrower 
form of tip, tmjin'fn, 

Var. AMYLiA(*KA, ii.var. (PI. Iviii., f.l l-ITi). 

CVliulie vegetHtivje chloroplastidihus umylo siiflusiN, in grantda 
fraetLs; pyrenoidihus inaxiniiN, granulosis 

Cell, veg. diam. 40 54, alt. 60-260; zygo. long. 74-90, lat. 50/;. 

LiHmore(271). 

in this form, the chloruplatits have tieconie impregnated with 
amyl uni, and have bitikeu up into minute irrtigidar grains. The 
e-eiitral ridge, however, is generally still ijotiec»ahle, hikI the 
pyierioids 111*0 very large (up to 10-12/i), and granular as in 
6Vosj!fY*4«t« funtihu 'J'he whole of this gathering was of the same 
c*hiii*acter. The «ygoMpoi*es present were long-elliptic with 
|ioiiited ends, lying diagonally in short obhiiig winch were 
not inflated (as in PI. Iviii., f.l). Probably, howoxer, all the 
various forms <if zygospuixj <letailed almve fur tlie type will lx> 
found also in tliis variation. Chloroplasts 2-3, making 1 ^ to 3^ 
turns in*the cell. 

Genus Mouokotia (Ag.) Wittr. 

Mouoeotia UBTBV1RKM9 (A.Hr.) Wittr. (l'ext-flg.5). 

Cell. veg. diam. 27-44, alt. 255-408; zygu.long. 61-63, lat. 42-53/i. 

Botanic Gardens, Sjrdney (158); Lismore (328,332). 

V/. Borge, Zyg^wmalesy p.40, f.62. Tn our specimens, the 
chloroplasts generally have a large number of pyrenoids, either 
irregularly scattered or arranged in two lines at the edges. This 
is the only species of Moiignotia^ as far as I know, in which this 
occut*et. The pyrenoids are sometimes comparatively small (2-4fi) 
but oocasionally very large, diam. 10/a. The contents of the cyst 
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are generally retracted into an oval (03 x 32ft), oblong (53 x 42fi) 
or more rarely globular (diam. 42ft) zygospore. 



Afott^eo^ta ImUvirefu (A.Br.) Wittr.; (a) conjugating filaments with unusu¬ 
ally large pyrenoids; (b, c, d, e) types of zygospores; (all x 330). 

CHLOROPHYCEiE. 

Fam. VOLVOCACEiE. 

OenuB C A R T E RIA Diesing. 

Cabtbbia buoulosa, n.8p. (FI. Iv., f.l, 2). 

CelluliB reniformes, in fronte aouminatie, a tergo concavee, 
angulis posterioribus rotundatis. A vertice late ellipticsp. Mem- 
brana paullo rufesceni^ jugis granulatis convergentibus 12, longi- 
tudinaliter dispoBitis, ornata. Cytoplasma retracto globoao, 
stigmate juxta apicem. 

Long, 17, lat. 23, crass, 17ft. Li8more(311, 312). 

A most curious form, noted in some numbers. The cell-wall 
is much larger than the mass of cytoplasm, and is reniform or 
rather broadly obeordate in shape, with 12 coarse longitudinal 
ridges bearing a series of granules. The ridges converge to a 
pmnt in front and behind. The cell-wall was rufesoent, and the 
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iirrangement of the chlomplafitK could not l>o discornod: a dist inct 
neat' the apex waa not-ed, but no pyfeiioid. 

Var. ANGULATA, n.vai*. (PI. Iv., f.3). 

Korina aci apicem drpn^Hsa, in medio deproHsionr papilla in* 
Htructa; lateribus inferno paullo an^ulatiH; cetoris ut in forma 
typica. 

riong.l?, lat. '23/1. LiHinorc. Cum prion. 

A cup-flhaped depreasiou with eential papilla niplacvH the 
pointed apex of the type. The Hides run Iwck to a slight angle 
in the hinder portion. 

Var. iNiBQUALia, n.var. (PI. Iv., f.4). 

Korina major, ovata, in fronte aeurninata, a tergo latc-t'otund- 
ata. Moinbrana lutoo-fuscescena; eetei'iN ut in forma typica, 

Ijong. ilO, lat. 21‘25.j/i. Liamore. Cum priori. 

Jn all speciineiiH of this form there h, minute projection at 
one side of the apex. Undoubtedly, ] think, this variation is 
produced by uneven growth, only one lobe of the cell-wall devel¬ 
oping; the small stilmpical projection Ih the remains of the un¬ 
developed lobe. 

Cartkkia nvuTirihiE (Fresen.) Dill. (PI. Iv., f.5, 6). 

Cellulie parviB sphesricie; membrana tenuissiina vel interrJuin 
crassa; papilla nulla neccytoplasinatis piM>jectione; elilonrpIaHtide 
crasso parietaii; pyrenoidi in media collula. 

Diam. cell. 8-11; pyrenoid. 3^. LiRmore(345). 

C/. Fresenius, Beitr. s. Kemitn. miki*oHk. Organism., Abb. d. 
HenckeuK Oesells., 1866, p.235. Goimhankin, Morph, u. iSystem. 
d. Chlamyd., ii., 1891, p.l20, reproduces Fresenius’ original de¬ 
scription of the type, the chief points of which are:—cell spher¬ 
ical or oval, length 10-16ft, pyrenoid in the centre of the cell, 
cytoplasm minutely granular, stigma l>etween the apex and the 
middle, membrane very delicate, olose-htting. 

I have not seen Fresenius' figure of the type^ but our specimens 
seem to me in some respects to tally with liis description better 
than other published figures, and specially in this, that they have 
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a massive parietal chloroplast with a ci^ntr'a] globular locellus in 
which the pyrenoid (when present) is situated.* Excellent 
figures arc given by Gomshunkin, he,, PI. ii., f.l4, am! by O. S. 
West, Br, Frw. Alg., p.l88, f.7.SA, B, but in (mu-Vi ease the 
pyrenoid is occentrio. Fresenius says “/« Mitfe pIv ttchar/ 
umsehriebener Kerv," Ours, on the other hand, are smaller^ 
(Rabenhorst, however, leports specimens of 6-8/x diam.) quite 
spherical and without any apical protuberance. The cell-wall, 
generally very thin, is sometimes stmtified. 'lliis species, con¬ 
sidered the most common in Europe, is very rare here, in my 
experience. 1 obtained it (the only time) from two local ponds 
in October, 1917, after the spring rains, in some quantity- 
Though T hod assiduously worked these pools for five years pre¬ 
viously, I had never seen a sign of it before, nor have I noted it 
since from either. 

Cartrria nuLLUUNA, norii.nov. 

Syn., Cartfrm forma, Australian Frw. Phytoplankt., 

these Proceeding.s, 1917, p.824, PI. Ivi., f,l-4. The expression 
‘‘closely fitting membrane” (dichl anfipgpnden Uant) in Frese- 
nius' description of C, rules out this form from any 

connection with the latter. My description, f.c., applies to the 
cell-memhrane; the mass of cytoplasm is much smaller and 
attachea at the apex (fig*l)> The details of the chloroplast, I 
have not yet noted. 

CaRTBRIA GRANULOSA, D.8p. (FI. Iv., f.7, 8). 

Cellula oompressa, fronte visa psene circulata, supeme fissura 
obliqua instructa; a latere valde compressa, supeme in cornua 
duo divisa, cornibus evolutis. Membrana rufescens, granulosa. 
Cytoplasma retractum, ad cellulte apicem afiSxum, a latere com- 
pressum. Pyrenoidis nulla nec stigma (in speciminibus notatis). 

Long. 31^, lat. 29^, crass. lOfu Lismore. 

A compressed form, with granulate cell-wall. Above, the cell- 
wall is divided into two rounded overlapping beads by a deep 

*When the pyrenoid, as in this cose end many others that I havt* 
notioed, is central, it would seem to enclose tlie nudleus. 
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oblique olcft. Fn sideview, hotli cell-wall and cell are seen 
to be ODinprCHHed, the cel!-^^ail cleft above and the two headH 
turned outwardf* No pyreiioid in the specimens observed. 
Nucleus and stigma not visible, the membrane strongly rufewent. 

Genus C H I. A M VIJ o M o N A K ?3hr. 

Chlamydomonar KKN1F0HM1R, n.sp. (PI. Iv , £.9, 10). 

Cellulii rornpressa; fronte visa renifonnis ubique rotundata, 
pone indtmtata. A latere compressa, ovalis vel ovata. Membrana 
tenuissinia glabra, cytoplosmati ai'ctc adhierens. Pyi'enoidis 
nulla nec stigma (in spocimine notato). 

Diatn. 101, alt. 8^/«. Lismore (812). 

A very curu»u« form, of which I saw but one speciinen. It 
very much resein!)!eH Vtu*t**ria niynfoHttj and might possibly In* a 
young form of that species. The flagella (2) weix; very diRtinct 
and unusually thick. On the other hand, the wll-wall is closely 
luiliereTit to tlie cyttiplasm, perfectly smooth and hyaline. 
ClltAMYDOMOXAH LlSMOlIKNHlH V. ClUACTUR, n.Var. (PI. Iv., f.ll). 

Cellula angustt^ cyliiidracca, pone rotundata, fmiite conica, 
lateribiiR parallel is. Chloroplastis parietal is; pyreiioide nulla 
visa; stigmate distincto inter apieem ct medium posito. gmnuliH 
paucib juxta apiceni. 

Jjong. lat 2J//. Lismoi'e (345). 

The type (these Pniec^edings, 1917, p.827, PI. Ivi., f.l8) is ob¬ 
long-cylindrical with rounded eiuls, and projiortionately broader. 
Tliis form is nan*ower, and conical in fmnt. Chloroplast bright 
green, homogeneous, parietal, no pyrenoid seen; stigma wick- 
shaped, very distinct, halfway lietween the ajiex and the middle. 

Chlamydomonab rotula, n.Bp. (PI. Iv., f.12). 

Gellula obloiiga (vcl glolsm ?) ubique rotundata: in media 
cellula pyrenoifle uiagna; ehhn'itplastide in discos tenues parietales 
multos dtviso, discis singulis ad pyi'cnoidem ttenia chlorophyllaceA 
oonnectis; stigmate iiullo vise. 

Long. 19-21, lat. 15; pyranoid. 6/a. Lisinore (345). 

Basily tecognised by reason of the extraordinary disposition of 
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the endochroine. The chton)plii8t is broken up into a number of 
very delicate parietal discs, each connecterl with the large central 
pyronoid by a filament narrowing from without inwaids. There 
are about seven discs visible round the margin in optical section. 
Cf. CM. dellata Dill, Gatt. CMamyd., p.l7, T. v., f.31-36; Wille. 
Alg. Notisen ix.-xiv., p.l;U, T. iv., f.4. The latter, however, has 
a massive chloroplast, and differs considerably in appearance. 
CM. roiula also has a papilla or apical protuberance. A Olaso- 
cystta'Stage was noted, eight cells in a mucous sphere; the cells 
wero in every respect the same as the zoospore. I have given 
this species the name ^^rohUa,'* as I have my suspicions that 
Ooeystin rotula Flayf., is a young 6r/a!ocy«^is>stage of it. 

Chtamydomonas ALPiNA (Wille) mihi. (PL Iv., f.l3). 

CMw'ommuvi Mpina Wille, Alg. Notizen ix.-xiv., p.l52, T. iii., 
f.24-34. 

Cell. long. 10^, lat. 7/i. lasmore. 

Noted both with and without a pyrenoid, the latter situated 
close to the posterior end of the cell. The ohioroplast-discs are 
about 2-3^ in diameter. Two c.v. observed, and an oval orange- 
coloured stigma in the middle of the coll (near the apex in the 
type). In the specimen measured, the flagella were very long, 
quite twice the length of the cell, but I did not notice if they 
were so in every instance. Noted in winter, among fungoid 
growth on a rotten stick in swamp^water. 

Chlamtdomonas cauoata Wille. (PL Iv., f.l4). 

Algologiscbe Notizen ix.*xiv.r|».135, T. iii., £.4-11. The only 
tailed species of CM^mydomo^hM] it is impossible to make any 
mistake in the identification. Yet there was not a trace qf a 
pyreiwidf though the body was very transparent, and the nucleus 
distinctly visible. Stigma wanting. 

Cell long. 30, lat. 18; corp. long. 20, lat. 12/a. Lismore (344). 

CULAMYDOllONAS MACULATA, n.Sp. (FI. Iv., f.lS-17). ; 

Cellulie sphierioie, papilla nulla nec projectione apicali; meni- 
braua crassa interdum lamellosa; vacuolis contraotilibus 2 ; 
stigmate distincto, hemisphierioo, luteo-fusco, paullo supra medium 
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posito; nucloo in media ceilula. Chloropla»tide valida parietali, 
inaculata (suptn*ficie externa Bcrobiculata); pyrenoide plerumque 
nulla (in speciminibus iiotatis). 

Diaui. 15-25; membr, 2-4; coll, niatric. 40, antnsp. 11-1 3ft. 

Lisrooro (345, 350), 

Compare ChL subcaudata Wille, Alg. Notizen ix.-xiv., p.ll8, 
T. ui., £.12-18, W. (fe O. S. West, Frw. Alg. Brit Antarct. Exp,, 
p.274, PI. xxiv., f.25-29. Generally spherical without apical 
projection; membrane thick, sometimes lamellar in two layera 
It is distinguished from CU. globulosa Perty, by the massive 
parietal chloroplost evenly distributed round the cell-wall except, 
of course, at the apex, and particularly by the fact that the outer 
surface of the chlorojilast is pitted, giving it a spotted appear¬ 
ance all over. The central loccllus is globular. Nucleus centra); 
stigma oraiig<j-colourf*d, a little aliove the middle; pyreiioid 
generally wanting, A mother-cell, however, was noted, contain¬ 
ing four autosporcH, of winch one had a distinct pyronoid, in two 
others, it was faintly indicated, and, in the fourth, it was entirely 
absent. 

Var. OBLONOA, n.var. (PI Iv., f.l8). 

Cellulw oblongw; ceteris ut in forma typica. 

Long 16, lat. 13Jft. Lismore (350). 

Var. PLANKTONiOA, n.var. (PL Iv., f.l9). 

Cellulfc oblongae, interdum apicem versus modice angustato*; 
liuinili projeutiono apicali instruetie, membrana tenuissima arete 
adhierente; stiginate nuUo nec pyrenoidi (in speciminibus notatis); 
ceteris ut in forma typica. 

Long. 20-26, lat. 13-17ft, Lismore (347). 

This form has the same parietal chloroplost with scrobiculie 
on the outer surface, but the membrane is very thin; there is a 
slight apical protuberance, and, in specimens observed, the stigma 
and pyrenoid were absent. 

ChLAHYDOHONAS MKTABTtOMA Htoill. (PL Iv,, f.20). 

Forma stigmate luteo-fusco, bacillari, subapicali. 

Long. 26, lat. 13fi. Lismore (327). 
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ilj\ Stein, Naturg. d. KlagelL, i,, T. x\., £.46 , G<m>shankin, 
Moi'pb. u. System, d. Chlamyd,^ ii., p.l31, PI. iii., f.26. Wille, 
Alg. Notizen ix.-xiv,, p.l46, T. iv., f.22, (Jorosliankiii’s tiguiv 
(repn^ducftd by Wille) differn fmni the type in being a shori oval*, 
whereas Stein’s figure is a long oval, siibeylindrical. Our spwi- 
mens agi'ee with the type in outline and in proiX)rtioiis (Stein's 
figure works out at 20 x 11/x), but differs in the position of t)ie 
stigma, which is near the end in the type, but subapical in ours. 
Goroshankin makes it hemispherical, here it uas wick-sbapecl. 
Thu upper pyrenoid was laterally disposed, and perhaps was 
geminate, or becoming so; Gorosbankin notes the occurrence of 
two pyrenoids in front- 

CtlLAMlDOMONAS PAUeRUCULA, n.bp. (PJ. Iv., £.21, 22). 

Cellultt longo-ovaUe, subellipticic, in medio latissimie, pone 
[Mtullo angustatie, froute conioae; apice obtuso paullo producto, 
membrana tenuissinm iuconspicua arete adhwronte; cblomplastido 
ci^ssa parietali, granuHs H|>arsis superficie exteriore vel interiori^ 
dispositis; stiginatc nullo noc pyixsnoidi (in speciminibuH uutatis). 

Long. 1447, lat. 6-8/i. Lismore. 

Ill shape and size, very like Ch}, albovi^ridia Stein, Naturg. d. 
Plogell., i., T. xiv., Abt. vh, 11, 2, 21; (figures 1, 2 work out at 
26 X fig.21 at 17 x 8/i). The cell is elliptic, conical hi front, 
the apex obtuse and slightly produced; membrane veiy thin. 
Thu chloioplast is massive and parietal, with scattered granules 
sometimes on tlie outer surface, sometimes on the inner. Though 
viewed with the ^ obj., the nucleus was not discernible; pyre- 
uoid and stigma absent. 

CnriAHYOOMONAK PVSIM.A, n.sp, (PI. Iv,, 123), 

Collulas ovatie, ubique rotundatw; apice obtuso baud produoto; 
membrana tenuissima, inconspicuo, arete odhierente; chloroplast- 
ide crassa, parietali; intus granulata; nucleo in media cCllula; 
stigmate mediano; pyretioidi nullo vise. 

Long. 30, lat. 20/i. Lismore (360). 

Cell broadly ovate, rounded off everywhei*e, obtuse in front 
and without projection. Chloroplast massive parietal, granulate 
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on tlir inner .surface, no pyi'cnoid in the Hpeciinens obRerved, 
stigma median. The nearest fonii seems to be CM. media 
Klebs, 13eding. d. FortpHan/.., p.-t*25, f. 12, (Willc, Alg. Notizen 
ix.-xiv., p. 140, T. iv., f.ll) vihich, however, is more planted in 
fi*ont, and has a sul>a])ical stigma and a ])yronoid at the side in 
the middle. 

('hlamyuomonas axoulosa \ oBKHA, n.vftr. (PI. h., f.24). 

Cellulse praj latitudino broviore.s, crassie, suhglobosaj; de singulis 
ndms ut in forma typica. 

Ijong. 16, lat. 14/£. Ijismoiv (650). 

VJ\ Dill, (Jatt. Chlauiyd., p.l5.T. v., f.2l-25; Wille,p.Ul, 
T. iv., f.l6. Our form agrees in all details with Dill’s type, but 
in shape it is subglobuse, almost snbi|uadrate, instead of oval. 
Dill’s figuiv works out at 20 x 14/i. 

Chlamydomonas eisiFOKMis V. ocKiXATA, n.var. (PI. Iv., f.25). 

(’cllula^ am bit u fonnie typioie consimiles; chloruplastide autem 
parietal}; in media eellula loeello magno pyii^noidem continente. 
stigmate iiullo viso. 

/AJiJg. 17, lat. cell, matnc, long. 25, Jut. 19/i. 

Lismore (360). 

Cj: Dill, /.r., p.l4, T. 5, f. 13-19; VVille, /.c., p.l38, T. iv., f. 8. 
Only noted as autospores, 2, 4, 8 to the niothei'-ceU. In shape, 
they agree exactly with the type, e\en to tlie slight curve to one 
side, and the apical pixijeetion, bimd fn>n} tlie front and w'iek 
like from the side, 'I’he ehloi^oplast, iiowever, is parietal, and 
the centre of the cell occupied by a largt; loccllus containing a 
pyrenoid (diam. 5/x). No stigma, and the nucleus nut discernible. 

Genus CHf.oKoG0NiUM Khr. 

Ohlokogonium minimum, ii.sp. (P1.lv., f.26). 

Cellulm minutie, graeillimae, fusif4>nneH, pone aeutissimm, fronte 
rostratse; membmna tenuissima, arete odhserente; chloroplastide 
tenuissima, homogenea, parietali; in media eellula loeello hyalino 
(?nucleum contingonte); dagellis 2, cx apice oblique orientibus; 
stigmate distiueto, boeilliformi, subapicali; pyronoide nulla. 



522 


NRW AWD RAttK FRESHWATER ALGA, 


Lx>ng. lat. 2-3/ii* Auburn: Lismore (350). 

A ininuto and very slender HpceieH, rostrate in front and very 
acute Iwhind; membrane very delicate. Chloroplast also very 
delicate, homogeneous, parietal, without pyrcnoids. A hyaline 
space, probably containing the nucleus, in the centre of the cell. 
Stigma very distinct, wick'Shaped, some distance down from the 
apex. Contractile vacuoles not noted. Flimella 2, going ofl’ at 
right angles close to the tip. 

Oenus Ptbromonab Seligo. 

Pl*BR0MOKA8 AN0UL08A V. AUSTRALIS Plajrf. 

8yn,, Pi. aiftta auBiralis Playf., Prw. Alg. Lismore, p.335, 
P1.42, f.l4. Pt alata Bcligo, is a synonym, it appears, of Pt 
iiihguhm (Carter) Dang., {Cryptoffhna ang^ihsa Carter, Ann. Nat. 
Hist., 1859, T.l, f.l8a-r;). The side-view (PI. Iv,, f.28) is char¬ 
acteristic of the type and all its forms, cf. Chodat, Alg. vertes, 
p.l44, fig.68 E. 

Forma. (PI. Iv., f.27, 28). 

Membrana a tergo incisa. Long. 22^, lat. 15fi. LiHmore(312). 

Var. scuTiFORMiH, n,var, (PI. Iv., f.29). 

Collulw inembraua oblonga, fronte paullo angustata; lateribus 
in feme i*ectis, levissime convergentibus, apicem versus incurvis; 
npiee levissime concavo; angulis posterioribus rectis; basi in 
medio inilata. 

Tjong. 16, lat. 11; corp. lat. 8/i. Lismore (344). 

'I'he enveloping membrane is oblong, with straight sides con- 
\etxing slightly, and drawn together in front, the apex a little 
concave. Lower angles s<|uare, and at the base convex. In all 
these forms observed here, the cliloropiosts, though very pale and 
thill, showed the characteristic cup-shape. No stigma, however, 
WON present, nor pyi^noid. 

Var. vaxiLUFOBHis, n.var. (FI. Iv., f.30). 

Cellulas membrana fere quadrata; lateribus rectis, parallelis; 
apice pli^; angulis superioribus oblique truncatis; basi oonvexa; 
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Huguiis int’erioribus obtusis. Pyivjic»idt*R parvie 2, paullo supra 
cellulam inediam jui latera dihpo8ita\ 

£jOiig. 20, lat. 16, rrass. X. corp. lat. 11// Lisiiiore(344). 

The onvelojMJ is quadraU* with ctmvcx Imse, straight parallel 
sides, flat apox, and the upper angles oblitjuely truncate. A 
specimen was noted with two small pyrenoids, on either side one, 
a little above the centiv of the cell. No stigma present For 
another example of a pyrenoid on each aide, see ChL fongisiignut 
Dill, (Wille, Ac.. T. iv.. f.21). 

Genus Phatotus Perty. 

Phacotus crasbub, n.sp. (PI. Ivi., f.7, 8). 

Cellule fronte vise fere circulate, matgine aspera, od apicem 
papilla instructe; a latere paullulo eompressm, oblongm, lateribus 
arcuatis, apicibus late^rotundatis, papilla instructis. Merabrana 
crassa, aspera. Cytoplasma in gloho retractum, densum, crasse 
granulosum; vacuolis contractilibus 2; atiginate* uullo nec 
pyrenoidi. 

Long. 22, lat. 19, crass. 14/a. Li8morc(311}. 

Nearly circular in face-view, with apical papilla; oblong some^ 
wlmt compressed from the side, witli broadly nmnded ends and 
arched sides. The membrane is thick, and rough with irregular 
asperities. Tlte cytoplasm is mtracted into a gloln^ beneath the 
apex, contents dense, coarsely gmnular, two contractile vacuoles 
noted but no stigma or pyrenoid. 

Phacotub oladrr, n.sp. (PI. Ivi., f.9, 10), 

Cellulw fronte visie fere circulates, ad apicem eoncavee, papilla 
iiistructie; a latere modice ovato-oblongeD, ad apicem truncatie, a 
tergo fere hemisphcericte, lateribus levissime arcuatis. Membrana 
crassa, glabra, dilute rufescens. Cytoplasma in globulo pai*vo od 
apicem reti'octuin; stigmate nullo ncc pyrenoidi. 

Long. 22, lat. 21; cytopl.glob. diam. 9j|/4. Liamore(312). 

In face-view, nearly circular with a alight concavity, and a 
papilla at the apex; ovate-oblong from the side, sides slightly 
arched, apex truncate, hemispherical behind. Membrane smooth, 
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thick, Hlightly coloufeH. Umjii cell ivninrUahly small, retracted 
In till* iipi'x, no sti(?nia, m» |>yi*pnoid. 

Forum. (PI. Ivi , f.ll). 

Celiulpp Ifnmte x'is&e liaiicl <*tivulatfe serl mod ice qtiadratm, 
ubiquc i*otundat»; ad apiceni quam levissiine concavie, papilla 
nulla; ceteris ut in forma typica. 

Long. 21, lat. 19, crass 14; eurp. 13/i. Lismoi'e (*^12). 

llather rounded-cpiodratc than eii’Ciilar in fiwe-view, apex very 
slightly Oioncave, im jiapilla; t)ther details as in the tyja* 

Fornm. (PI. Ivi., f.!2). 

(Jellulm a<l apiceni paullo quadratm, ]K)ne ciitsiilatee; mcinbrana 
critHsa, saturate i*ufescent<s cytoplasinate in uiassa ovata retiRcto; 
chloi-oplastide parietali intus graniilis aniylnceis magnis ornata; 
vacuoiis contract!libiiH distiiictis 2; stigmate modiano. 

Long. 21, lat. 20; (xirp. long. 12, lat. iOp. Lismot'e (345). 

In sliape, intermediate iM^tween the two forms (mpra), being 
brood and ^^shouldered*' above, and circular below. Membrane 
deeply rufeHceiit: eyt<ip1asiti ix^tractod int(» a .small ovate mass; 
chloriiplast |ianetal, granulate on the inner sui'face with large 
granules; stigma distinct, median: two contractile vacuoles dis¬ 
tinctly visible. Those details ai*e very mrely observable in 
Phfusohm, 

PlIACOTUS AUSl'UALIH, ll.Sp. (PI. Ivi., f.l3, 14). 

Cellulie fronte visie fere cii'cuiatie, ad apiceni eoneavie, papilla 
instructie; a latere vaide cmnpit^ssie, ellipticm, apicibus acute* 
i*otundati8. Membraiia tenuis, glabra, dilutiBsime rufescens. 
Cytuplaama in iiiassa apicali retractum, a latere visum com* 
pi^ssum, ovatum; stigmato ntillo nec pyrenoidi. 

Long. 20, lat. 21, crass, c.^/x. LUmore (350). 

Almost circular in face-view with a slight apical concavity and 
papilla; from the side very compressed, elliptic with acutely 
txiunded ends. Membrane thin, smooth, pale biscuit-colour, with 
a matt surface. Cytoplasm retracted, comprttssed, ovate, in side- 
view ;'^no stigma nor pyrenoid. 
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Gbiiuh S p o n I) \ L o M o K n M Ehr. 

SPONflVLOMORUM <)U-ITRKNARirM Ehl\ 

Ell ran berg, Beob. Kwoier gonorisch. neuer Ffn'meii d. FrillilingH 
gewAfsHera liei Berlin, Mouatsber. Rerl. Aeod. d. AViHsensoh., 
1848. (Jj\ Stein, /.r., T. xviib, Syn., Jinrkiiim twnnta 

W. k O. S. West, Frw. Alg. Burma, j),-22H, PI. xii., f. 19-21, ^/m 
Casintmtuis Playf., Biol. Richni. 11,, p.l08, PI. M 
This flagellate seems to be very little known: it in not men¬ 
tioned either by Cbodat in Alg. vertesde la Suisse^ 1902, nor by 
(3. S. West in Br. Prw. Alga*, 1904. lj<^tiiniemianrt reports it 
from a single lo(‘ality in Sw’eden, but it is not included in Bueh- 
inann H Das PJiytojilankUm des Suhsu assers, 1911. I n my former 
paper, 1 had not the assistancte of Stein's excellent illustrations, 
also the flgiira and description of this organism publishtMi in the 
Micrographie Dictionary, p.721, Pl.1, f.23, are entiraiy incorract 
and misleading. Tlie figure here given agrex^s almost exactly 
with that by *Stein, /.r., f.30, save that the stigma is alsive, not 
below, the contra. 

The cosnobia are generally oblong, consisting of rings of four 
cells, arranged one alcove another. They easily break up either 
longitudinally or transversely; in the latter case, the rasultiiig 
emnobia are often hemispherical or rosotte-shapeti. Tlie cells, 
originally globose, very swm become broadly oval or ovate; the 
membrane is very delicate, and, by treason of their very rapid 
movement through the water, it is generally drawn out at the 
hack into a short pointed sac, at first very indistinctly outlined 
Later, however, it becomes stouU*r and more evident. The clilo- 
roplast is cup-shaped, generally without a pyrenoid; there is a 
central nucleus, two apical contractile vacuoles, and a stigma, 
median or a little above or below the midline* The internal 
details, however, are not easily seen, as the cytoplasm is gener¬ 
ally very dense. In a zooid which liecame detached from a 
omnobium, I was able to sec distinctly that there are two uri-. 
usually long apical flagella. Noted fram at least four diflferent 
spots round Lismore. 

0osnob,long. 28-40, lat. 22-27; cell long. 10-20, lat. 6-12ft. 
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Merrylands (Sydney), Casino (189); Lisniore (237, 246, 307, 
344). 

Var. KOBTRATVM, n.var. (PI. Ivi,, f,16,17). 

Cellulae plerumque 4-8 in fascina conjunctie, ffonte glubofup, 
pone in rostrum acutuni levissime curvatum pitxiuctav Cum 
forma typica atque ejusdem diinensionis. 

Ccenobis generally small, with a few («ils in a bunch or i*osette, 
cells globose in front, and behind drawn out into a sharp pointed 
slightly curved beak; cytoplasm and chloroplast tilling the whole 
cell, only the tip hyaline. Generally no pyrenoid or stigma. 

Genus Volvulina Playf. 

VoLVULiNA Strinii Playf. (PI. Ivi., f.l8). 

Ccsnob. diam. 70, cell. diam. 15, alt. 12/^. Lismore (350). 

In a cmnobiuin of the type with very transpsrtmt pale green 
cells, a minute central nucleus could be observed. The flagella 
originated close together, and, tit ih^ir two contractile 
vacuoles, as in Stein, Lc. In some cells, a large orango>coloured 
stigma on the margin in front. The investing membrane of the 
coenobium, as usual, very delicate, and the cells, which were 
nearly spherical, were pressed close against it. 

Genus V o l v o x Linn. 

VoLVOX AUREUS var. HKMiaPHAfticus, 11. var. (PI. Ivi., f.l9, 20). 

Cmnobium muco investiente tenui; cellulis vertice visis circu- 
latis, diametro inter se distantibus; a latere plus minusve hemi- 
sphiericis, basi plana. Cytoplasms granulis magnis amylaceis 
singulis instructum, stigmate ad marginem; vaouolis contractiii- 
bus 3 circa marginem; pyrenoidi nulla. 

Cell. diam. 8-8^/i, Lismore (311, 328). 

The investing mucus of the cmnobium very thin, cells quite 
close to the edge. From above, the latter are circular, about 
one diameter apart, with a large amylaceous granule towards the 
centre, stigma at the margin, and three contractile vacuoles at 
intervals round the circumference. In side-view, the cells are 
more or less hemispherical, with a flat face closely odpressed to 
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the investing mucuH. Thr connecting ftlaineiit arises at the 
angle. Tn the shape of the cells, this form recalls VolvuHna 
Suinii^ which also has, sotnetimes, a series of c.v. i-ouiid the 
circumference. 

VoLVOX Cartrhi Stein. (PI. Ivi., f,21, 22). 

Ccenob. diam. ad 900; cell. diam. inter se distant. 7-10; 
zygo, immat. diam. 44>46, niatur. ad 60/x. 

Lismore (311, 327, 328). 

Cf. Carter, Ann. Mag. Nat. Hist., Ser. 2, Vol. iii. T have iu>t 
access, unfortunately, either to Carter’s paper or to that of Htein 
(the species is nut mentioned in his Naturg. d. FlagelL), but 
Lemmermann, Das Plankton schwedischer Oewasser, p. 105, in 
one of his very useful Utile I'eviews of various genera, gives the 
name, with tlie remark that tlm zygotes “are said to possess an 
undulate membrane.” By this character, 1 was able to rueognisG 
the Species. The coenobium is like that of V, leriinB Meyer, with 
globular cells which, even under the yV of 

connecting fUaments. It is the immature zygote which has an 
undulate membrane (cell. diam. 31-33, lat, max. 44-46/*); when 
mature, the undulations have been produced into stout, slightly 
cuiwed spines (cell. diam. 36-37, lat. max. 53-60/*). Several dozen 
zygotes in the coenobiuni. 1 have the species from two places at 
Lismore; it would appear to be the first time that this 
has been i-ecorded since Carter discovered it in India, fifty years, 
or so, ago. 

Fam. PLEUROOOCOACR-P.. 

Genus Elakatothrix Wille. 

Klakatotiirix gelatinosa Wille. (PI, Ivii., f.l, 2). 

Cell. long. 15, lat. 3/*. Sydney Watei*-supply (100). 

C/. Wille, Oonj. u. Cfaloroph., p,38, fig.l8A-E ; W. <k G. S. 
West, Phytoplankton Eng. Tjake Distr. (Naturalist, 1909), p.291, 
f.6. A emnobium of four lately-divided cells (8 x 2/*), and a 
single full-grown cell (15 x 3/i) noted in the filtrates of the Sydney 
Water-supply. This organism bears a suspicious resemblance to 
Spiraiamia acuta Hilse {aec W. & 0, S. West, Brit. Desm., L, PI, 
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iii., f. I 15). Known hitherto only fnnn Norwegian ami KngliHh 
lakeH. 

GeniH Daotvlotiikob Tjagerli. 
l>A<rryLOTHKOK ahouatum, n.Hp. (PL Ivii., 4). 

CVllulns KjMirste iii muco ainorpho in\ohitie; front-*' vime lineari- 
elli])ticu% ijuain leviHsiino urountie, apieihus obtimiK; a latere reette, 
lineari-ellipticie, lateribu» quarn levisHime eon vex is, apiciliiiH oh- 
tusis; rnembruiia teiiui: ('hlot'oplastide ten(iiN8iina,pari6ta]i,minut«' 
graiiulosa^ iiitc'rdiun in medio di\i.sa; pyi'enoidibuf* iiulliH, 

Cell. long. 14- 15, lat. 3-4/*. Lisiiioiv (302). 

Alx>ut 30 cells in a clump, irregularly disposwl, enveloptnl in 
inucim Cells linear-elliptic, straight in side-view but from the 
fr«)nt arcuate, one side slightly i*oticavc, almost Hat, the other 
distinctly convex, ends obtuH(\ Membmne thin , chloroplast 
delicate, parietal, pale green, minutely granular, sometiineH 
divided in the middle, m) pyi*enoids. 

Fam. FR0T(KXXX;ACK/E. 

Genus Charaoeum AJ3r. 

Chauacium ourruLA, ii.sp. (Text-fig.fio). 

(-elhilfip c*)ppore ovato levissime curvatii, supm rotundato, suhter 



• Text-5g.6. 

(a) Charticintn f/tUltUa, n.sp.; (b, c) Ch, nera»»\fotine \ftr. minimim, mviu*.; 
(d) Ch, omithoaphalum A.Br.; (all x 1000|. 

rostrato in petiolum iongum tenuissimum protracto; membrana 
tenuij chloraplaatide interdum pyrenoidibus singulis oontinente. 
Cell. long. max. 25-40; oorp. long. 12-16, lat. 6-8/x, 

Usmore (284, 286). 
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C<*l]s (Imp-fthaped, munderl above, pointcfl bolow, and iliiiwn 
<iut into a slightly curved hyaline l)eak, which mei*g(!s into a long 
thill hyaline stalk as in CVa. Memhnino thin, chloni- 

plusts sonietiines containing a pyrcnoid. Noteil from two M]>ots 
at Lismoiv, singly, or w'vcral in a clump, on filamentous alga?, 

Chawaoutm (^erassikokuk V. MINIMUM, n.var. 

Ccllula* miiiutie, supra I'otundatec nee doplanatic; petioloparvo 
aut nullo; magnitudinc forinte typicw tnens. 

Tjong. 1 t-lS, lat. 1(1/1. Tiismore. 

C^f. Ch. vpraMijin'^nv Kieh. & Rocib., No\v(» gat. zieleuic, p.l, 
T. iii., f.12; also (Jh, pi/i*i/onnfi A. Braun, Alg. unicell., p. tO, 
T. v.B. Alwnt <»ne-thinl tlie si/o of tlie type, anrl not ilatleaed 
ulH>ve. (Jh, cprfiMitl/orMP is more glols)S(' in the l)otly of the cell 
than Ch. />i/n/o7'Mf\ On Trthoupmn, (Text -fig.(>/>, /•). 

C'hahacium OHNmioeRPHAUJM A.Rr. (Text fig.Gt/), 

r^mg. corp, 2.‘h lat. 7.J; p(*tioK long. I t/i. lasmore. 

Kani. RYDHCHJAHTHAtJK K. 

Oenus IT R v r L L a, gen.nov. 

Cliaroeter idem oc* speciei. 

Urnella TKRREHTRIN, Np.uJiica. (Text ’fig. 7a-/'). 

Olluin: priinum clavata', deinde dehiseiono anguste-urnifonnoK; 
luteribuA subparallelis; ore everso; iioHi rotundata; aut liuiuo 
sodenti's aut tubulo inoequali longo erectic. Meinhrana tenuis, 
byaliua. Chloroplastis parieialis in exti'oma eellula eontracU, 
pyrenoidibuB plurimis. 

Corp. iirniform. long. 60-90, lat. 12-20; tubul. long, lul 160, lat. 
7-M//. Auburn. 

Noted in a green growth on a garden-path (clay) in very wot 
weather. The important jiart of the plant seems to be the long 
clavate coll which, at dehiscence, becomes a slender urn-shape, 
rounded below, with sides almost parallel, and the rim everted. 
This cell is sometimes seated on the ground, sometimes erected 
at the end of a fairly long irregular tubule of which it reaBy 
forms the inflated head. Membrane thin and hyaline, the chlo- 


40 
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I'opIaHts deep gi^een, parietal, collected at the end of the cell, and 
containing several pyrenoida. Reproduction appai’cnitly hy zoo- 
goiiidia. The plant bears a general resemblance to Prohmphmi 
Klobs, but it does not form a sericH of gemnuty nor does the apical 



Text-fig.?. 

(o) l7niW/a f^Trtatru*^ gen.nov. et ep.. (xfiUO); {h, c) tubular form ( x .^SO); 
(d) vor. aJmcrmiff, n.var., (x fiOO); (^) akinetes ?, (x 500). 

coU multiply by division, but seems to be entirely a gonidangiuin 
There is also a great likeness to Vodiolnm gregarinm A.Br., but 
the latter has a thick cell-wall and a laminated ttiipeB — 
d&ngtUum hyaHnum mlidum (gdtUina indnraia farettm)*^ —A, 
Braun, Alg. unicell, p.20, T. i. 
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Var. AHNORMIH, li.vHi'. (Tcxt-fi^c.Td). 

(Vlhilii totH tubiformiM, longe prutraota ik'C eorporo uiTiiformi 
ill pxti'oino iiiHtructa. 

Coll. lon^?. 0 . 150-200, lat. 7 lOyx. Auburn. 

Tn this form, foil ml with the typo, this uoll, probably by oxcchs 
of rain, is drawn t)ut into a Mtmplo irroy;(ular tulK\ dohindn,!; at 
tho oml. Tlioro aro none* <i£ tho iuHations in thi» tvihe which 
(‘vidonce previous attempts at forming tlio "onidangiiim, llepro- 
dnctioii probably by xoogonidia, luid perhaps also by akinotes; 
(Toxtdlg.7/'). 

Kum. <)(K?YSTA('K.K. 

ConuK K It K M G H p If iC R \ I By. 

KuKMOSP11A3B\ VIIMIMs V. TKTRAR1>RinA, ii.var. (FI. Ivii., f.6). 

Forma tetraiMirioa, latoribus valde arcuatis nmlibus 4 levisshno 
fingnlatis. 

(Jell. diam. 110/ii. (308). 

A ourunis form, in which the cell looks as if it were an inflatwl 
tetiw'drcni. 11 le sifles are well archisl, and tho angles only 
slightly markts^l. 

TIm* hypnospoi^* of A\ tHridia^ which was diwrilKHl and hgurefl 
liy me in Ooet/aHs ami Ertmosphn^t'tt^ p.IIO, f.O, I have lately 
noted again in a fivsh gathering (3IG) fisim Listnore. Outer cell 
tiiain. 120, liypnosixire 97ft. The scrobiculations are chiser even 
than ftgured, lioing only alsiut their diameter apart, and the 
scrohiculate membrane is baekixl, apparently, by the thick muci¬ 
laginous lining often fouml in Erpmmphtxva, The contents were 
green, but tho clilorophyll seemed to be diffused in an even 
parietal layer, no distinct chloroplosts lining visible. 

Conus OocvsTis Nag. 

OoevsTiK KOTfJf.A Playf. (PI. Ivii., f.G, 7). 

Civnob. diunu 50, autosp. diam. I2fi. Lismore. 

Vj\ Chudat, Eiitwickl, d. Erein, virid., £.13,21; Playfair, 
OocysfM and AVewto^A., p.l30, PI. vii., £.31, Cosnobium spheri¬ 
cal, thin-walled, containing 8 spherical autospoim The latter 
are thick-walled, each with a central pyrenoid and euneatci chlo- 
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roplasts radiating out from it, six visible in optical section. It is 
very difficult to see how tliey show at the surface, probably as 
delicate discs. T had hardly finished congratulating myself on 
this find, when a Chlamydomonm with similar cetl-contents 
turned up (from a different pool, however) and cost groat sus¬ 
picion on its validity as an Oocy»lis; (see Chh rotulci), 

OofJVSTis NonuLosA V. CRASSA, n.var. (Text-fig.8), 


Forma pno longitudine crassior, 
subglobasa: membrana crassa; apici- 
bus et interioro incriissatis ct cxteriore 
tiilx'rculatis ut in forma typica. 

Cell. long. 35, lat. cell, 

inatric. 84‘74/x. 

Lismore (308). 

Cy. W. West, New Brit. Frw. Alg. 

(J.R.M.S. 1894), Pl.ii., f. 31. Our 
specimens are larger than the type, 
and proportionately J broader, which 
makes them, therofore, subglobose, Oory»tiM nodtdMa var. rms^t 
not oval. W. West gives long. 25*26, n.var., mother-oell with two 
kt. 16-17^ 88 the dimensions. sutospore., (x 800). 



Text-flg.8. 


OocYBTiB LAUiTSTRiH V. NATANS (Lemm.) Plsyf. (PI, Ivii., 1.8, 9). 

Cmnob. long. AT, lat. 38; cell. long. 23, lat 12|/s. 

Lismore (316). 

Gf. Ooeytain and Sremotph,, p.l26, f.l4&. Our specimens are 
the same diameter as the type, but a trifle longer; thechlorc^lost 
also is more reticulate. The shape of the mother-cell is charac¬ 
teristic of 0, laewttris, oa also the arrangement of the autospores, 
1,0., PI. vii., f.20. 


Oenus FsANCKtA Lemm. 

Francbia oblonga, n.sp. (PI. Ivii., f.lO). 

Cellulis oblongn nec ovales; membrana crassa; setistenuissimis 
nbique vestitis. 

CeU. long, 16, lat. 10; set. long. 16f(. 


Lismore (332). 
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Cf. //fWw (Franck) Lemni. in Willc;, Conj, »» Chlon)})!!., 

p.5i), f.31, which works out at 25 x Our form, however, 

is rlistinctly oblong. The contents am deep /(I’eeii, Hhowin;r 
sipis r)f dixision into four parts. 

Oenus L A n K R H R 1 M t A Chodal. 

Laoekiikimia KLUPTirA, n.sp. (PI. Ivii., f.ll). 

Cellulie cxacie ellipticie, gracUcs, utroipie polo setin Icuigis suh- 
apicalibus biiiiH iiistinictip. Cell. long. 12J, lat. 6; set. long. 20/a. 

Hydnoy Water-supply (100). 

The neai'est form to this, J know of, is 4. \. ijrav^UU 

Playf., (A. i'iiiafa \, ffmeifitt) Plankt. Sydney Water-sujiply, PI. 
liii., f.lO-I2. The latter, however, is nan**)wly cylindrical, wliilc 
this form is u jKirfeet, slender ellipse. 

(Senus li K R N A R D 1 A Playf. 

Bkknahdia TKTRAKrmiCA, n.sp. (PI. Ivii., £ 12). 

Cellul» sphttsriciB, spinis longis cavis gracillimis 4, tetracdrice 
oi*dinati8 instructie; spinis Ijasi vahle inHaiis, apiee obtusis. 

I Ham, c. spin. 30; corp. 5/t. Lismore (351). 

'fhis 8|H5cies consists of a single spherical cell with (apparently) 
the membrane d^l^^n out into four long very slender hollow 
spines, arranged totracdrically. '13ic spines arc blunt at the 
extreme tip, not acutely pointed, and at the l»asc are gi'eatly in- 
tlated. ChloiHiplast delicate, pale green, parietal, cunfiiied to the 
tseiitral part of the cell, Cf. liefttardia Chodati (Bernard) Playf., 
Austral. Frw. Phytopi., PI, lix., f.5, 6. 

Genus Kirchnrriklla Schm. 

Kikchnrriblla obksa W, ct. G. 8. West. (PI. Ivii,, f 13-16). 

Cell, lat, 6-10, alt. 6-8, crass. Clyde, Duck rmjk(26). 

C/- W. it 0. 8. West, New Brit, Frw. Alg., p.l6. 8yn., 

itfmum W. West, Alg. Eng. Lake Dist., p.22, PI. x., 
f.50-52; K, Hubaotitaria (i. 8. West, 8oine Critical Green Alga?, 
p.286, PI. 20, f, 20-30. Dimensions of the type, ^^diam. max. 6-9/i, 
crass, cell. 34*2 /a'*; of K, tndmlUaria^ “diani. max. 6-7/i, crass, 
cell. 2*9-3*2/i.’' 1 have found this form only once. 
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(ienus T e t u a K k o N K ntz. 

TeTIIAEDUON (iUANUlAWUM, IJ.Sp, (FI. Ivii., f. 17, IS). 

p]ana?, {larvio, tmiigulares; luteribiis reetin in medio 
lexissimecoiivexiH; an^juHs acutis baud iiitiatiH; niembrana groHHf 
graiiulata, ;imiuilih in quincuiimn oi-dinatis. A latere \iwe, 
uiudicc compi'esHie, ulliptieodancwdalK', anyiilis lu-uiinimtih. 

Celt, diaiii. 21, eraHs. 1 l/i. LiHinore(302). 

The H[K!cimeiis noted wenj flat, imt teti-ulusiml, triaugulai uitli 
straiglit hidoh slightly convex in ibo centiv; angles aeiiU-s m^t 
iiiHated; iiieuibrane coai'scly granulate in qiiiijcuijx, Fnan the 
side, elliptic-lanceolate with puinUKl ends. In the centn* of llie 
cell might 1 m! discerned a minute nucleus encloHctl in a pale brown 
globule (? pyi'onoid). Soinetiines the micleub* was entii-ely hidden 
by the globule, which tlien had the appearaiiix^ of a large hi-own 
pyreiioid; cf. Oocf/stla and Hvpnujmphttim^ p. 12(5, remarks on 0* 
hatsfris }mlndeim»\ and p.l37 on mW/s v. f/y/ineirmra, 
where the same phenoineiiun occurs. 

TKTUAKimox (iUAim \TU^f. MINOK HciiihcIk (FI. Ivii., f. 1 i)). 

Celliila plana, diuin. sine spiiiLs 17/i. Lismore. 

Forma kxcavata, n.f. (FI. Ivii., f.2(l). 

Forma plana, lateribus alteriiantibus conc^ivis, alteris levissinie 
coiivoxis; angulis Hpinis bimvibus acutis singidiH arniatis. 

Cell. diam. 19, alt. 16/*, 8.Mp. Lisiiiore. Cum priori. 

VJ\ Feinsch, Monug. Pohjtdrimn^ p.600, T. iv., lig.7fi This is 
a variant of f. mlmr with alternate sides concave, the oilier sides 
geneitilly Momewhat convex. 

Tetrakuiion cAunATUM V. australk, n.var, (FI. Ivii., f,21,22). 

Cellului ineecjualiter pentaixlricte; angulis acutis, spiiiulis min- 
utis singulis urmatis; lateribus coiieavis; utrinque infra uiarginem 
angulis mainiuillatis armatis singulis instructs. A latere, planw 
(ichnographia uuiversa respecta), lanceolato-elliptica*, apicibus 
acutis armatis; altoro latere convexas, altero autem angulis mum- 
millatis armatis binis projicientibus, instnictie. 

Cell. lat. max. o. spinis 21/i. Lismore. Cutu priori. 
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C£. Polyrdrium penlatjonnm Hoinsch, Algenfl. v. Frank., T.iii., 
tig. ii.c( = Tfttr, caudatnm Corda) which is exactly tlio same shape 
but without the two rtiammillate angles whioli jut out from one 
side^ 


Tetrardkon reoulare V. OGTAEDRictjM (Rein.) tnihi. 

Cellulas angulis scnis octoiiisve precditee (PI. Ivi)., f.23). 

Cell. diam. 17^. Lismore 

Cf. Polyedrinm octa^dricnm v spinonum Heinsch, Algenli, v. 
Frank , J».78, T. v., fig v., 18fi7. In this place, Ueinsch lias 
united two distinct types under one name* (P octaedrictim Hem., 
Monog. Pobjiidr , p. 507, I88H). The first of these, T. v., fig. iv., 
must retain the specific name, while the other, T. v., fig v., is 
evidently a form of 2'eh\.re(jularp Kut/..(« P, lefraMricnm Nag.), 
with from six to eight angles instead of four. Our specimens 
are the same shape as lleinschb fig. v 6, but very much smaller; 
he gives lat. 3847;i.. 

Tktrabdrok kastatum V. eleoans Playf. 

Cell diam. c. proc. 30/x. Noted lately at hismore (3fi2), only 
known previously from Parramatta. Cf. Austral. Frw. Phytopi , 
p.846, PI. Iviiu, f.27. 

Tetraedron acutum V. rkctilikkare Playf. 

Cell. diam. c. spin. 34-4U/X, sp. long. lOp. (^mfirmed from 
Lismore (363), only recorded previously from Enoggera; ibidem^ 
p.845, PI. Iviii., f,26. 

Tetraedron conicum, u.sp. (PI. Ivii,, f.24;. 

Collulte tetraedricie; anguHs coniciu vix infiatis; apioihus mu- 
ticis, obtuse-rotiindatis; lateriVius levissiuie conenvis 

Coll. diam. 19-25/x. Lismore (362). 

The cells are tetrahedral, composed of four conical angles 
meeting in the centre. The angles can liaixlly be called inflated, 
the sides of the cones being almost straight. The apices are 
bluntly rounded, without point or spine. 

* iummnatnm spinonim at the tiottoni of Plate v., /.r., ih 

either A slip of the pen or a priuter*H eiror. 
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Tetrakoron minimum V. REOTiLiNEARK Playf. (PI. Ivii., f,25). 

Cell. Ion". 11J, lat. lOJ/t. Jiotanic Gardens, Sydney (3). 

Gj\ Australian Freshwater Phytoplankton, these Proceeding's, 
1917, p.842, P1.68, f.l6, 17. Known to me previously only from 
Guildford. A rare form. 

Tetraedkon oirrusoM, n.sp. (PI. Ivii., f.26). 

Cellulae tctraedrico;; lateribus rectis; angulis rostratis; rostris 
crassis (juadraiis, brevihus; apicibus truncatis. 

Cell. diam. 2];4. Lismore(362). 

Cell tetrahedral, sides straight, angles pr<Mhiced into a snub¬ 
nosed rostrum, the latter broad, quadrate, truncate. 

Tkthakdron triuonum Nag., forma (PI. Ivii., f.27, 28). 

Forma lateribus in medio quam levibsitne rctusis; spinis bre- 
vissimis oblique recurvis; motnbrana crassa. 

Cell diam. 36, crass. 20/jt. Lismore (345). 

Syn., Polyedrium teli'ogonum ft punctatum (Kirchn.) Lag., 
Bidrag till Sveriges Algflora, p.62, T. i., f.28. /^ irigonum e 

piknetaium Kirchn., Aig. v. Bchles., p.l04 (sec. Tjagerheim, lx,). 
The type has sides simply arched, with or without a small 
straight spine at the angles. In this form, the sides are slightly 
flattened or retuse in the middle, and the spines are obliquely 
recurved. Our specimen was not punctate. For the type, <if, 
Nageli, Gatt. cinx Alg, T. iv.B, flgs. la and 3a, b only. 

Fam, HYDRODICTYACEAi. 

Genus Pkuiastruh Meyeii. 

Pediastrum simplex Mcyeti. (PI. Ivii., £.29, 30). 

Coenob. (cell. 4) u proc. long. 35-50, lat. 33-48; s. proc. long. 
17-24, lat. 16-22; cell. long. 24-34, lat. 12-l7/i, Coenob. (cell, 8) 
diam. 50-64; cell. long. 18-24, lat. 8-12/i. 

Parramatta Park (99,136). 

Meyen, Beob. ub cinig. nied. Algenf.,(1829)T.xtii].,f.l. 8yn., 
P. Bimpletm var. radiam Lemin., Zeitschrift f. Fischerei, 1897; P. 

J3 annulafum Chodat, Alg. vertes, p.225, 1902; P,$intplex 
V. dfUhraAum f. raeftans (Lemm.) G. U. West, Third Tanganyika 
Exp., p.l34, 1907. 
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Meyen gives five figuies in illustration of his P Bimpier, and 
these have since been at ranged as three iliflerent variations 
His fig.l is var. radians lx;inin.(l897); tigs.2, 5 are f. omta (Khr.) 
Uaeib., (AHterodiciiou ovatvm Ehr» 1845), while figs. 3, 1 uie 
f. claihrata 8ciir6ter (1883). One of liis figures, liowcver, must 
be loft to reprosent the type, and it falls to fig.l to do this, var 
radians Lenim., being the last in ortler of priority, ft seems to 
have been overlooked also, that Meyen liimsolf arranged it so 
in the text He says p 4) “die miter a!s die 

iVbnn zu belrachten seyn'^ The 8-cel led cmnobiuin \vJt))oiit 
central cells is, therefore, the type of P, aimplejr, and, in<:idi»nt 
ally also, of the genus PediaHtrum. 

Forma c lath rat a (Schroter) Uar. (Text-lig.9). 

Ca*nob. diam.^60'92, cell, periph. long. 26-28, lat. 12//. 

Parramatta Park (99, 136). 



Text-fig.9. 

ppdimh'um Aump/f i f. rhthrnla (Schroter) Kac.: ( aWW)}. 

8chix>ter, in Jahresbericht <1. Schles. Gcs. fur vaterlaud 
Uultur, 1883,p.l82; Raciborski, Gatuiiki lodz^Pediasirum, 1889, 
p.8. Syn., P. enoplon W. &G. S. West, Frw. Alg. Madag., 1895, 
p.81, T. 6, P^dathralnm (Hchrdt.) Lemm., Fornch. Biol. 
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Stat, Plon, vii,, 1899, p.20. A riamn that would take priority 
of Hchrotor's is P. dnodenarxum (Bail.) Kabh., PI. £ul\ Alg,, iii., 
p.71, 186 i, but, from Raciborski's notes, it would appear to in¬ 
clude several different forms, I c., pp.9, 10. 

Forma ovata (Ehr.) Rac. (PI Ivii., f 31). 

Cccnob. (cell. 4) diam. 53; cell, long 25, lat 16/i. 

Parramatta Park (136). 

. Raciborski, Gatunki rodz. Pediasiinm^ 1880, p 8. 8yn., Aa- 

ferodiciion ovaium Ehr., Ber. ub. d. Verb. d. Akad, 1845, p.71, 
P.ovainm (Ehr.) A.Hr., Alg. unicell., 1855, p81; P, Sturmii 
Reinsch, AlgenH v Frank ,p.00, T. vii., f.l; /*. 6'cAraiert fAunm., 
Forsch Biol. Stat. Plon, vii, 1899, p.20, T.2, f.33; P. clathraium 
f. ovatum (Ehr.) Schm., in Eng. Rot. Jahrb., xxxii., 1902, p.84 
T.3, f.l8. 

All forms of P, simplex are very rare here; I have them from 
one spot only. 

Peoiastrum duplex V. KKTicuLATUM Lag (Text-6g.l0). 

Ccenob. (cell. 4) diam. 53; cell. long. 16, lat. 14/i. Cmnob. (cell, 
permult.) long. 90-130, lat. 90-120; cell, long 26-30, lat. 16-23/a. 

Sydney Water-supply(80, 
81, 90, 100, 115), Botany 
(50). 

Lagerheiui, Stockhohns 
Pedi., Protococo., o. Palm., 
p.66, T. ii., f. 1. Syn., P, 
duplex V. clathraium Schro- 
ter, Schwebed. uns. Seen, p. 
37, f.86. This form is com¬ 
mon enough in the Sydney 
Water-supply, but rare else¬ 
where here. Jn the large 
coonobiuni figured, the two 
, ^ dead cells on the left show 

II j* # early stage of the 

rtsdiaMmm mpitx var, rtiKkdulnm ^ ® 

UKerii.;(x8«)). “O'® *0 P. 

Bvryanum, 
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Pediasthum Boryanum (Turp.) Menegh. (PI. Ivii, f.32). 
Forma; omnolninn v rt'lliilis 4 c^xhtructiiin. 0 <i»mo 1>. diuin lO/i. 
I^Uny (15). 

Var. Kaynaldii (Ibtv.) mihi. (PI. Ivii, f 33) 

CcBnobiiini long. IRO, lat. 15f), fell. diam. 32/i. 

Botanic Gardens (3). 

P, ffaynaldix Tstvuntti, •fcl Magyai Alg , 188R, p 202, T ii , 
{.38. Hyii, P. angulomm v. araneosnm Rac , Ciatunki rod/. 
Pf'diastrum^ 1889, p.IH, T. ii., £40. This form is cliaractcn.sed 
hy the fine ridging on the cell-wall. There is ni> ditference 
Injtween Hacihorski’b form and that of Tstvanfii, save that in the 
hitter the lines on the cell are granulate. 

Vur AU8TRALK, n.vur. (PJ.Ivii., {.34) 

Ccdlula* periiuetri corntbus pleitiinquo hrovibus; incisui is nitis, 
ohiougis, intus rotundaiis, latenbus purallelis 
Ccenob. long l]ii<i50, lat. 100-127; diam. cell 12-20/i. 

Botanic Gardens (3). 

A form of /*. Boryanum common and widespread here, but 
apparently nut .so elsewhere. It is rharaeterisiMj the shape 
of the marginal iticieioiis, which are in the form of the letter IJ, 
oblong with rounded ends and parallel sides. The horns are 
generally sliurt. Tlie margin between the horns of the two 
adjacent cells is very slightly concave. 

Pediastkom iiiHAmATUM vur Bkau.nii (Wartin.) (3iod 
Cell.long. 24, lat. 12/<.. Kyogte(219). (PI Ivn , f.35) 

Cj\ Ohodat, Alg. \ertes, p.230. Syn., P. liraimn Wartmanii, 
8chw. Crypt. No,32.* P. rolvla Ehr., {non Nagcli) in A. Braun, 
Alg. unicell., T. vi,, figs 2, 5, 6. Tiie dimensions of the peripheral 
cells of Braun's fig.5 work out at long. 22, lat. 13p inrodx- 
aium Meyeu, is extremely rare, T have never conic across the 
type, and only one specimen of the variation. The lobules of 
tile cells are bifid in this form, only incised in the type. 

* Not having seen WartinanirB type, f Hiniply follow (.liodat in the 
Hynouyiny. Lagevhonii, linwever, Veg. tUsHW. plankt. Hiircn-liiHcl, p. 
and Horge, Algenll. v. Rohweden, p.00, identify it with /*. fricoreufufa 
Hurgu. 
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Pediabtrum trtras var. Crux Michasli (Rein.) Playf. 

Cell, diaiu. 18/a. Botany (109). (PI. Ivii., f.36). 

Noted also in the Sydney Watersupply, these Proeeedings, 
1913, p.olS) P1.56, f.6 In the specimen here figured, the cells 
were closely appressed, and the slits were observable through 
whicii the zoogonidia had escaped. 

Kani. (XELASTKACE^. 

Genus Tetkastrum Chodat. 

TkTUASTRUU RtBOANS V. DBNTATUM Playf. 

Cmnob. c. spin. diam. 32; corp. 8; sp. long. 1*2; dent. long. 2-3/i. 
Lismore (258). 

C/*. Austral. Frw. Phytopl., p. 833, PI. Ivii., £.7. Hitherto 
known only from Parramatta; this form is now confirmed from 
Lismore. 

Genus Ccklaktrum Nag. 

CcELASTRUM RXTicuLATUM (Dang.) Senn. (Text-fig.ll). 

Coilulfe matric. diam. 14/1; ceil, 
cienob filial. 6/a 

Parramatta Park (136). 

Hyn., llarioiiwi reticulata Dan* 
geard, Mern. s. 1. algues, ii., 1889. 
Generally found in plankton-gath* 
erings as broken ccenobia. Tn this 
case, six cells were noted, partially 
united by their pnicesses, each 
with a perfectly formed autocolony 
Text.fig.n.* within. 

EXPLANATION OF PLATES LIV.-LVIH. 

Plate liv. 

Fig.l .—OMiiUatoria Jtexa^ n.sp.; ( x660). 

Fig.2.—O. v. ti.var.; ( x 10001. 

Fig,3.—O. V. fWM/nVto, luvar.; ( x660). 

Fig. 4.— O, prinetjM Vauohvi; port.ion of an empty filament, showing the 
thiek slieath aiuj pernianeiit diMsepimenta; ( < *130). 

Fig.o.— i^hormidUnn f/m»de, n.Hp.; ( XtyjO). 

* eVr/oafrum rtitetdatnm (Dang.) Senn, three isolated cells of a oreno- 
biuni, each containing an antooolony; (x 1000). 
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Figs «, 7.— Ph, numuvitmu n.Bp.; (fl) y ISJtt), (7) "<2000, 

Figd.#!, ft.— Ana^Mfm atMf/xt/fca, ti.Bp.,( x 1000); (S) relln and lioteiwyHt of 
infertile trioliomo; (ft) part of a fertile trichonir; Hie eoiwtrirtionM 
of the rells eaii lie cliHeoriied only witJi the iV in. ohj. 

Fig. 1ft.-- Vtti. rowVnr/rt, n.var.; ( x 1330). 

FigH,11-13.- /Ytriafu’/iji viir. vyinidrarm^ ii Mir. ( x Iftftft); (||) eelN anil 
hetorooyHt; (12) inimaUire natenate goiiiiliii; (13) nintuie Hpoiv. 

Fig. M.— A. oMnffarioidtiii var. eruHnu, n var.; ( xfftM)). 

FigH. 15, 16.—-1. hvri var. horfev^m, n.var., ( v lOftft); (IfOcellH and heteiii- 
ryftt; (16) eella and spore. 

Figs.17-21 !yf^n€fro^^fitr»i hm Ahufnah vai fi, u.>ar.; (I", 18) with 

eoiiiual hetei’oi'yslM( >. lINlft), (1ft, *20) witli ohlong Helen h ystsl ' 660), 
(21) ooileil tnehoino. 

FigH.22, 23.—r. fvr/ani/a/rirr (*22) tiuhmm* with Ihiii-walled iiiiiiui- 

ture spore ( x 1000); (23) with iimtuie IhieW-wulUsl M|xire ( xlUiO). 

Figs.24, 2.*i.' rfviawjnhu't var. ii. vai. ( < lOlN)); (25) 1 riehome 

with apioal cell. 

FiKH.26, 27.—-f*. Sohm.. forma: ( \ HXMI). 

Plato l\. 

FigH.1, 2.'-rV//'0^*<fi ii.sp.; (2) endview; ( x IIMMI), 

Fig.3,--<*. ruyufoMti var. am/itfnhi^ n.var.; ( x lOftft). 

F'ig 4 .—<\ myidoM var n.\ai.; ( x 1000). 

FigH.ti, 6.—f\ iHaUfJihn (FreHeii ) Dill, furtn.e; ( x |.33ft). 

Figs,7* H. —(*. //mi/idcwrt, ii.sp,; (H) sideview; ( a 00ft). 

Figs.ft, 10. —(Vi/a/Mydo/rtow(« rr/o/briWM, ii.np,; (1ft) Hideview; ( x liNNl). 

Fig. II.— fVif. Li>7?iore}MtA var. n.var.; ( x2(Xl0). 

Fig. 12. VhL rofiUa, n.sp.; ( x UJUft). 

Fig. 13. -r/i/. (dplwi NVille; ( x2(XX)). 

Fig. 14.—tVi/. raiw/rt/o Wile; ( x |(KK>). 

Figs. 15-17. uifu'u/atn, ii.sp,; (15) x 133ft; (16) with stratified ceU-w*aU 
( X 66(1); (17) mother-cell ( v 000), autospoi'cH ( x UNN)); for oonveiii 
enco, the cienoinnm ih drawn ainaller, and the autOHporeR therefoi'e 
apiiear mote cmwded tliaii natural; the latter are m optical section, 
llte spotted surface of the chloniplast lieing nniitteil; the Aagella 
were just as figured. 

Fig. 18,—C’A/. maciitata var, o/i/oiigr*, n.var.; ( x 133ft). 

Fig.19. —CW. waciifaUt var. jjianktouica, n.var,; ( x lOftft). 

Fig.20.— Ghf, mefttHfitjmi .Stem; ( x Iftftft). 

FigB.21,22.—CVi/, fMtqifrettia, n.sp.; (21) x20ft0: (22) x I80ft. 

Fig,23.—C/t/. pitsiilaf n.sp,; (xOfift). 

Fig.24 .—OhL anyidosa var. o/ie«M, ii.var.; < x 1,330), 

Fig.25.—CA/. pisi/onniH var. octllata, n.var ; mother-oell and autosporee; 
(X lOOft), 



542 


NEW \ND RAKR PRKHIIWATBR ALGiE, 


Fi>'.26.— OhJloroyo%iUmi Minimum, n.ap.: ( x 13^). 

Kid'll.27, 2H.— ^*t*t'omomu* anyiUom \Ar. fvtMf'oJtM Playf , forum; ( x 100*)). 

20.— l*f. fintftifam vnr. Mcntifomutt^ ii.viir.; ( x 1330). 

Fiy 30.—/V. aiifjHhm vnr, ivW/^/bmuw, it.vnr,; ( x 133*)). 

Plate Ivi. 

Fi^s I-3. —PInyf.; (I) oloiijjatc cienobiiini with ziNmU 

• attached to a central ntucoit8 ijeilmiele ( x 000); (2,3) i(Kli\idtial 
7.(>oi(lR Hhowinji' one or more dark rinl {granules neat the anterior enrl 
( X 10*X)). 

Fix.4. Ttmit'ffarin ro/iwoio Plajd., HuppoHcil five zooid; ( . I.*MK)). 

6.— XanJiiodifU'im LunhnhaM Seheu., (HO-eallwl); (3) face-view of 
a prenervod Hpeeimen w'ilh fihrunken coiitentK ahowiii^ ecjitral 
niiolouH, hut no (•hlainydonionadiiie arranf^ement of the ehronmti)' 
phnre; (0) «!de\ icw; ( x )0*)0). 

FijtB.7, S -~l*hfirofuA n.Hp., ( x HKKtl; (8) mdeview. 

10.—/Vi. tjhthn\ ii.Mp., ( x l*MN)); (1*1) sideview. 

Firm. 11, 12 — Ph. gtahet\ formic; ( x 1000). 

Firs. 13, 14,—/Vi, aiM/m/M, ii.Hp., ( x 1000); (14) Bideview . 

Fig, 15.- HfMndylomornm f/#in/rrmm«j#i Khr : ( ^ 1000), 

FigB. 10,17 —Sjfh (ftMtemarium var. ii,vur,,( x I*)*)*)); (10) bunchcil 

(!(enohiuni; (17) ixiKettc-forin. 

Fig. 18,— VofviUhm Phiyf , niiigle t*oll of a oienolnuni, in Hidoview, 

showing nucleus, contnudilo vacnoleH, and ntignm in the uHual 
chlainydomonndine pOHitionH. , 

Figs. 19, 20. — Voti'ox tturriM vai. /temw^nmViw, n.vur. ; (19) ccUh fmin 
above ( x*MM)); (20) three cells in sideview ( x 1U*X)). 

Figs.21, 22 — Wfw Cartert Stein; (21) immature zygote as deNcriliwl hy 
Carter ( x 060); (22) mature zygote ( x 500). 

Plate Ivii. 

Fig. 1.— Elakatoih}'ij' gpJatinoHa Wille, isolated cell; ( x 1330). 

Fig.2. — gpfatinoea^ mucous matrix with newly divided cells; ( x 10(X)). 

FigH.3,4.~/.>aofy/ofArrr aivua/um, n.ap., two oelln, of many noted, involved 
in a maoouB matrix ( x 1330); (3) faco^view; (4) sideview. 

Fig. 5.— ]Sre.mo%phiera nrUlU var. tc/wjcirica, n.var.; (x270). 

Fig. 6 .—OocyptiH Playf., mother'oell with autospores; ( x 66*)). 

Fig.7 —O, 7io/«/a, autospore; ( x 1100). 

FiR.«. —O. tacustrU var. na/aus (Lemm.) PUyf., mother-eeil with auto- 
spores; (X 660). 

Fig.9 .—O laeii^tria var nat^ine^ autosporo, showing fragmented, i*otiou- 
late chloiYiplast; ( x IIXIO). 

Fig. 10.—Fmnreia o5/on/]ia, n.sp,; the setie aiv, for ooitvenienoe, Agured 
much shorter than natural; they should be as lung os the cell: 
(X 1330)/ 
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FiK.n.-/. aijt^rh^hnia n,Hp j ( X 1330). 

Fix “ /ift'natflia tf>tr(i/‘tlnra^ u Kp.; { Xl0(k». 

)(». - Ktrchnf^rifNtt W & O. S. West; ( x 1000 

Fi^h. 17, IH.— Tfh<i4‘tlt'iui tfi'ttHHhMum, n.Hp.; M7l far*i*-vu‘\\ ; (tSlHuleviuw 

( 1000 ). 

Fig M),—yV//', qttafhn/tfm 1, mtttor flniiMrli; ( X SOO), 

Fij{ 20 .—Tftr qimIraiutH i. # «r<f»nOr, ii t.; ( X KOO). 

Fik«.21, 22.'-7’W»*. i'amhitum \iu’ ffMx/ivi/r, ii.\ar,; (21) 1‘iiot* mow; 122) mik*; 

( X IfJrKl). 

— Ti'tr* refjutnre var, (H'faalm ttm (IUmiihi'Ii) inilii; (x lOOO). 

Fix 24. — Tt'ft', 4'oiiirntn, ii.sp.; vXKNJO). 

Fix*20. ' 2V/r. niinttmm var. tfvhtiuttn'* IMa,\t.; lx HMHk). 

Fix* 26.—yV/r. n.Hp.; (x)OOO). 

Fixa.27, 2K.— T*fi\ triffmmm Nax.i (27)fare view; (28) side; ( x660). 

Fixi**20, 30 - PHhfintnnn Moyeii, 4‘CTlle<l loiiiis; ( XOHO). 

FtX'Ok— P*‘di. H/niyi/f'.i* f. otHita (Klir.) fWik; (x6W)). 

Fix.'^i*— P^dL Hoi'^yamnti ('Puip.) NkMiexli., 4-r*elleil fuini; (XOOO), 

Fix.33 — Pidi. lioryanma vai. ifayunhin (iRtv. J inilii; ( xOOO). 

Fig.34.— Pi^di. fioryaimm var. nuntm/r^ ii.vai.; (xOOO). 

Kix.3r>, —var* Hrfunni (Waitm.) (JliiNlat; (XtMO). 

Kig.Sd. —/Vf//. var. (Var il/Wan/i (ReiOHch) IMayf : ( X MKHl). 

Flaie Iviii. 

Spit'tifjyra arf/Zre/a (KaaH ) Kilt?. 

Fig*k ^/enjuxated HluiiiontN with elliptm /.yxoHpurivt and nim-inHated 
Hporangial cellH; (X 220). 

Fix.2 —Oonjuxated filaments with uval zygospores and inllaleil spoiangial 
celk; (X220). Fig^. I and 2 fornierl part of one and the sAtne 
scalarifnrm Hlanient. 

Fix^.3-0.—Four types of zygospore in the one (^ 400); flg. 5 

(X300), 

Fixs*7f 8. —Unaltered uells ol a conjugated filament, with simple itehoute 
ohlomplast; (8) x 330; (7) chloroplast muuli enlarged 

Fixfi.O, 10.—Ijong cell of a vegetative filament, with delicate, fimbriate 
chloroplaNt and minute pyreiioids; (0) cliloniplast mnoJi enlarged; 
(10) X 330; the fringed edge of the ehloruplast is too delicate to lie 
seen under this low niagnifioatiun. 

Figs. 11-13, witli iiKiix* mbust, scalloped chlotYiplast; (11) chloroplast 

much enlarged; (12) short inllated cells proUibly alxiut to coiijiigate 
(X 330); (13) long uninflaterl cell of vegetative filament (>^330). 

Figs. l4-l6.''-4«Vn'(H/yi'a se;//rrZa var. afay/urm, n.var., vegetative filaments 
Olid chlorophwt; (14) long cell ( x330!; (13) short oells ( x 330); (16) 
chloroplast enlaiged Conjugating cells and zygospores of thw 
variation as in fig.1. 
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THK MOSSKH OF NOKTH QUEENSLAND. 

Hv l>H. V. F. Bhothehith 4nd the Ricv. W. Walter Watts, 
Forkwobi>. 

(By the W. W. Watts.) 

The following paragraph i.s reprinted from my paper, *‘Monie 
Notes on the Kerns of North Queonslanrr* (These Proceedings, 
1914, Vol. xxxix., Part 4, p.756). “ Tii the winter of 1913 (July- 

August), 1 spent a month in the Cairns district in search of 
Ferns and Mosses \ collected in the rich scrub lands between 
Hartle Freru and the Russel) River, more especially in the 
neighbourhoo<l of Josephine Creek; around Babinda also, and 
up Frenchrnarrs Creek to beyond the Hecond Falls. Habinda 
and Frenchman’s Oeek lie at the base of Bellenden Ker, along 
the coastal railway. Following, later, the main line, T visited 
Htoiiey Creek, Kiiranda, Atherton, Malanda, Yiingaburra, Lake 
Barrine, and, last and licsr of all, Havenshoe and the Tully 
Falls ” 

The mosses of North-east Queensland l>tiing essentially Malay¬ 
sian, rather than Australian, in their affinities, specimens from 
all my i^ckets were submitted to the distinguished expert, Dr. 
V F. Bixitherus. Despite the war, with its submarine dangers, 
every parcel reached Helsingfors in safety, and, by the end of 
1917, full reports, in return, came to hand. The number of new 
species is smaller than I anticipated, owing, in part, to the aseal 
of the late Government Botanist of Queensland, Mr. F. Manson 
Bailey, G.M.G., F.L.S., but mainly to the aforesaid Malaysian 
affinities of the flora. The chief feature of the following pages 
is the large number of new records. No less than seventeen 
gefiera new to Australia are listed, and some thirty known 
species. One new genus, Pt^chryidium^ is described, and there 
are fourteen new species. In addition, many of the species 
recorded are new for tropical Queensland, though not new for 
Australia. The new genus was first found by me, in 1913, at 
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Raverishoe, North QueetiKland: hut, curiously enough, was col. 
leottid, in 1916, by Mr. J. L. Boorman, of the Sydney Botanic 
Gardena, on Mt. Lindsay on the border between QiieeiiHland and 
New South Wales. 

It is interesting to note that a tew species, the occurrence of 
which in Australia was regarded as doubtful by \\'atts and 
Whicelegge (Census Muscornm Aiistraliensium) are now definitely 
recorded, such as Leucobryum taticfnm, Arih^ocormus Schimpf^ri^ 
LeiicaphaneB oetoblepharoidea^ and Calynip^rttit ntoluccanae. 

Tt remains, on behalf of Australian liotanists, to express sincere 
thanks to Dr. Bixitherus for his continued and generous assist 
ance; and also to thank the Direc*tor of the Sydney Botanic 
Gardens for the facilities afforded me at the National Herliarium 
for working up my material.—W.W.W. 

/fate. The sign * before a genevie or specific name denotes 
that it is new for Australia; and the sign t that it is new for 
tropical Queensland. 


A. ACROOAHPr. 

PloraaaeM. 

Thkmatouon Michx. 
tT. LOKOESCKNS C.M. 

Barron River, n.386; Frenchman’s Creek, n 419. 

[Note. --Trematodovi liaiUyl Brotli., belougs also to the Cairns 
district (Mulgrave River), but appears not to have been collected 
since Bailey found it in 1889.} 

Flxobidivii Brid. 

Plkurid. sp. star, incerta. 

Track down to Bedlynoh Railway Station, near Cairns. No 
Pleuridium previously raoorded for Queensland. 

*Oabokka C.M. 

*0. PHASCOIDBS (Hook.) C.M. 

Babindi^ n, 326 e.p. Previous record, “ Southern Asia.” 

Ditbighuh Tiram. 

D. AVPIMB C.M. 

Bavenshoe, n. 467. 


41 
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Dicranklla Schimp. 

I). DiETRiciiriG (C.M.) Jae^. 

Ravenalioe, n. 447-*^. 

I). pvrNOOLONSA (Hrotli.) Par. 

Stoney Creek; Habinda; Malanda Kuranda: Mth. Brotlierton 
First found by Vlr F. M. Bailey on the Midgrave River in 1889. 

Var. LONoiKui.iA Broth et Watts, vur.nov. 

Stieet’s Cully, Kuranda, it. 265. 

11 0 i.o M IT Ri u M Brid. 

IL. MuKiXBiti liurnpc. 

Kavenshoe, n 573e.p. Previous records, Rockingham Bay: 
Diillachy, 1868; Bellendcn Ker: 8. Johnson, 1891. 

H. PBRiCHATtALE (Hwjk.) Brid. 

Ravenshoe and Malanda (several nos.}. 

DiCRANOLbMA Hen. 

D. DlCARPUM (Hsch.) Par. 

Kavenshoe, several nos. 

D. SSRRATUM (Broth.) Par. 

Malanda, 11 .494, 615e.p. (Previous Queensland record, Mt. 
Mistake: Bailey, 1885). 

D. Wattsii Broth., n.sp. 

Dioic%im\ glauco-viride, nitidiusculum; caulu usque ad 5 cm. 
longus, odscendons, inferne denudatus, dein dense foHosus, sim¬ 
plex vel parce mmosus; folia horride patula, stricta, late lanceu- 
lata, breviter acuminata, 4-4 5 mm. longa et 2-3*5 mm. lata, mar- 
ginibus erectis, summo apice conniventibus ibidemque argute 
nerratis, ubique hyalinodimbata, limbo latissimo, apicem versus 
sensim angustiore, nerve tenui, continue, dorso superno argute 
serrate, cellulis chlorophyllosis, elongate et anguste linearibus, 
apice brevioribus, alaribus numerosis, quadratis, fusco-aureis, 
saepe decoloratis; bracteae perichietii internau e basi longe vagi- 
nante convoluta subito in pilum longiusoutum contractie; setas 
binae ex eodem perichaetio, tenues, vix ultra 5 mm. altae, fusci- 
dulas; theca oblonga, obliqua, subeerniAi, collo strumuloso; oper- 
9 uluini e basi oonica longe et oblique subulatum. 
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llavenshoe, lu 534a (type). 

8pecioB Z). auutro-Hcojiario ((/. Muell.) aftinis, hwi foiiis lutiori- 
buR, brevius acuminatis, satis binis ex o<x1cTn pericliietio, hrcvi- 
oribuH et tenuiorihua iti^noscencla. 

[Note. — Z? amlm Ht'opariHm (C.M.) was eolloctud by Bailey, 
til 1889, on the auiniiiit of Bellenclen Ker.] 

Lkimuit.OMA Brirl. 

Jj. SiKBRKiANUM {Homsch.) Par, 
llavenshoe (several nos.). 

L SURINTKQHUM Broth. 

Babimla: Frenchman's Creek; Malanda; llavenshoe (frequent) 
[Originally found at Palm Camp, Bcllenden Ker, by Hailey 
(1889)J. 

[Note.—Z. ciatnuerve C.ii , is recorded for Tropical Queens¬ 
land " in Bailey's Suppl. to his Synopsis, 1888.] 

Campylohuh Brid. 

0. (JHf/idi) WA'mii Broth., n.sp 
DiaiouB^, robustiusculus, cieapitosus, cmspitibus densis, viridis- 
simis, subopacis; adscendens, usque ad 3 cm. lotigns, fere 

ati apicem rubro-tomentosus, simplex vel furcatus; folia sicca 
imbricata, humida patentia, canaliculato-concava, lanceolato- 
subulata, c. ti mm. loiiga et c. 0*8 mm. lata, supernc margine et 
dorso serrata, nervo basi diinidiam partem folii latitudinis occu- 
pante, dorso lamelloso, lamina usque ad apicem distincta, cellu1 is 
minutis, rhombeis, baud inci*aBBatiB, basilaribus in seriebus 
pluribus quadratis, alaribus teneris, fuscis, auriculas distinctissi- 
mas effbrmantihus. Catera ignota. 

Cairns district, Frenchman's Creek, Second Falls, n. 366 ; 
llavenshoe, on rocks almve Falls, near Major's, n. 484 e.p.; 
WatU, 1913. 

tC. WooLiiBii (O.M.) Par. 

Ravenshoe, n. 452, 459, 582. 

Evcamptodon Mont. 
fE. Mukllkri Hpe. et 0,M. 
llavenshoe and Malanda, 
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LeneobFyMSttt 

Lrucobryum Hampe. 
fL, OALMNENBB Broth., A.M., vi., 1916, n.l99. 

Raven»hoe, n.634 c, d\ Malanda, u.550 e.p. Ballina, N.S.W., 
the only previous record. 

L. BRACHTPfIVLLUM HpO. 

Babinda; Frenchman’s Creek; llavenshoe. 

L. CANDiDUM Brid. 

Frenchman’s Creek, fi.397 e.p., near Babinda, n.445 e.p. Ap¬ 
parently the first record for N .Q. 

li. SANCTUM (Brid.) Hampe. 

Rm*anda; Bartle Frere; Babinda; Frenchman’s Creek: 
Malanda. Widespread ‘‘from Nepal to Maiesia’' (teste Broth ). 

tL. 8TR1CTIFOLIUM Broth. 

Bavenshoe, n. 469, 672 Previously limited to N. S. Wales 
and S. Queensland. 

[L, vssicn/oaimC.M., was collected, at Whelanian Pools, Palm 
Camp and Harvey’s Camp, Bellenden Ker, by F. M. Bailey, in 
1889; and at Trinity Bay, by Mrs. (or Mias) Oribble, in 1894. 
L. virvdt Mitt., is recorded, in Herb. Melb., for Daintree River, 
Q., but information regarding this sp. is needed. L, WatUii 
Broth., was collected by Dallachy at Rockingham Bay, Q., but 
named L, sanctum var. in Rb« Melb.] 

Lbucopbanib Brid. 

L. AUSTRAL! Broth. 

Kuranda, n.435. Previously recorded for Freshwater Creek, 
near Cairns, and “ Ker Range” (teste C.M.). 

L. OGTOBLEPBAROIDES Brid. 

Kuranda; Bartle Frere; Frenchman’s Creek; Babinda; Malanda. 
Previously recorded, in Hb. Melb., for Johnstone River (Berth- 
aud), and Daintree River (Pentzske). Distrib. " from Nepal to 
Pacific Islands.” 

OOTOBLBPBAKUM Hsdw. 

0. ALBiDUH (L.) Hedw. 

Cairns; Kuranda; Malanda; liavenshoe. 
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Arthrocormus Doz. et Molk. 

A. ScHiUPRRi D. et M. 

Babinda, n. 422, 438. In the Melb. Herb, there is a doubtful 
recoi^d of Lewobryum" Schimperi for the Johnstone River. A. 
Schimperi is found in the Indian Archipelago, the New Hebrides, 
etc. 

^Exodictyon Card. 

BUB8CABRUM (Broth.) Card 

Frenchman’s Creek, n. 3946. Previous record, Papua 

FlMidentaoM, 

F i a 8 1 D R N s Hedw. 

tF. AUBOKRUs Broth. 

8tonay Creek; Babinda, T^ke Barrine; Ravenshoe. 

tF. A8PLKNI0IDBS (Sw.) Hedw. 

Ravenshoe, n. 471, 533 e.p. 

F. {Semilimbidmm) cairnsnsih Broth, et Watts, n.sp. 

Dioicus(l): gregario crescena, paliide viridis, opacus; caulis 
usque ad a mm. lungus, cum foHis usque ad 1 9 mm. latus, intiiiia 
basi fusoo-radiculoHus, dense foliosus, simplex vel furcatus, folia 
sicca hoiDomallula, liurnidastricta, orccto-patontia, itdima minuta, 
dein subiequalia, ligulata, breviter acuminata, acuta, c. 1*3 mm. 
longa et c. 0*38 min. lata, raarginibus superno minutissiine serru- 
latis, lamina vera ad medium folii producta, basi limbo albicio, 
e celiulis angustissimis constructs, lamina dorsali e basi uervi 
enata, ibidetnque rotundata, iiervo crasaiusculo, lutesoezite, 
infra summum apicem fold evanido, celiulis rotundato hexagonis, 
0 007-0*010 inm., pellucidis, papilla media instructis; seta termin- 
alis, bolitaria, ranus binuB ex eodem pericheetio, usque ad 2 mm. 
alta, tenuis, rubra, levissima; theca inclinata vel nutans, ininuta, 
oralis, pallida; operculum e basi coiiica recto rostratum; calyptra 
iguota. Planta mascula ignota. 

Near Hotel, Babinda, Cairns district, on rotten logs, n. 332a 
(leg. Watts). 

Bpeoies limbo brevi celluiisque pellucidis, papilla media in- 
struotis dignoscenda. 
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tF. DtBTBlCHlJE C.M. 

Ravnmljoo, ij.465 e.p., 528 e.p., 529e.p. 

F. KKBIANIJS C.M. 

Cairiib, n 234a, 243; Stoiicy Creek, ti. 252. 

F. {Aloma) kuranuas Broth, ei Wattb, ii.sp. 

(yorticola, gre^arie crescetis, pallide viridis; caulis adscendens, 
usque ad 8 rnm. longus, cum foliis c. 1*5 ram. latus, hasi fusco- 
radioulosus, dense foliosus, simplex; folia usque ad 18-juga, sicca 
hotnomalla, humida erecto-patentia, infima ininuia, dein sulv 
ffiqualia, ligulata, brcviter acuminata, obtusiuscula, apiculata, c. 
1 inm. longa et c. 0-25 mm. lata, elimbata, Integra, lamina vera 
ad medium foHi produeta, lamina dorsali e basi nervi enata, 
ibidemque rotundata, nervo paJlido, in apiculo folii ovanido, 
cellulis valde pellucidis, rotiindato-hexagonis, 0*010-0*015 mm., 
ad basin laminn verm paucis, elongatis, limbum infraniarginalem 
valde indistiiictum eflbrraantibus. Caetera ignota. 

Kurauda, u. 273 (leg. Watts, 1913). 

Hpecies liabitu F. Ildlia^io Doz. et Molk., similis, sed cellulis 
pellucidis, multo majuribus jam dignoscenda. 

tF PAtLIDUS H.f.W. 

Havenshoe, u. 470; Malanda, n. 512. 

tF. TKNXLLUH H.f.W. 

Havenshoe, n. 500 e.p. 

*F. zippBLtANUB Bryol. jav. 

Babinda, n.308 e.p., 343. Previous records, Sumatra, Java, 
Hongkong. 

The following also is recorded for N.Q.: F. micro- 
heythU C.M. (Trinity Bay), but the name alone has been pub¬ 
lished (C.M., Qenera Muscorutu, p.59).J 

OalymperaeM. 

Strebopodon Schwgr. 

*S. ABOSiroa Broth. 

Frenchman’s Creek, n. 368 e.p., 386, 393; Babinda, n. 439. 
Frevioas record^ Papua. 
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S {Cavifolii) cairnknsis Broth, et Watts, ii sp. 

Dioicus; tenellus, ciuspitosus, ciespitihus laxiiisculis, pallulc 
viridibuB) caulis ercctus, vjx ultra 4 miu. lo]J^us, basi fusco- 
radiculosus, dense foliosus, simplex vel nimosus; folia sicca 
circinato-incurva, dorso nitidiusculn, bumida ci‘ceto-j}atent)a, e 
l>asi pauluiii latiore ligulata, obtusa, mucroitatula, usque ad 1*7 
rum, longa, superne 0-25-0 27 iiitn. lata, limbata, limbo angus> 
tissirno, hyaliiio, infra apiccm minute seirulatam evanido, in 
parte superiore basis ciliato-serrato, nervo erassiusculo, infia 
sumraum apicem folii evanido, infernc Icvi, deiti parce aculeato- 
papilloso, eellulis laniinalibus acute et elcvato-papillosis, basi lari- 
bus laxis, iiianibus, hreviter reclangulanbus vel subquodratis. 
Caetera ignota. 

Cairns district, Babinda, on tree-trunks, n.313f«(lcg. Watts, 
July, 1913). 

Bpecies distinctissima, a S, fimhnatuh Sauerb., foliis multo 
hrevioribus, nervo infenie levi, aupertie parce aculeuio-papillobo 
faciilime dignoscenda. 

*»S. CROCKUS Hilt 

Frenchman's Creek, n. 418 e.p. An Indo-Malayaii species 
H. FASOiGULATUS Huok. et Grev. 

Base of Bartle Frere; Babinda; Frenchman's Creek, etc. 
Previous record, Johnstone River: Berthaud, Dec., 1882. A 
widespread tropical species. 

tS. FiMBKiATULUS Sauerb. S. jiimbriatuR C.M., non Mitt. 

Frenchman's Creek, ii. 408; Tally Falls, u. 462. 

MufiLLKKi (Dox. et Hoik., Calymparxdium) J^ac. 

Frenchman's Creek, n. 361, 368 c.p. An Tiido-Malayaii-Poly- 
nesiaii species. 

8. Novas Valksias C.M. 

Ravonahoe, n. 461, 468, 53be. A forma micvocarj)a was col¬ 
lected at Trinity Bay by Sayer, in 1886; otherwise new for Q. 

S. UNDULATULVS Broth. 

Babinda, n. 313 e.p,; Frenchman's Creek, ii.421 e.p.; Kurauda, 
a 427. Previous record, Bellenden Ker: Mrs. Gribhie (Herb. 
Melb.). 
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UNOULATUS (Doz. et Mollc.) Lindb. 

Base of Bartle Frere, u.293; Babinda, n. 310; Frenchman’s 
Creek, n. 405, 412, 414, 420 e.p., 421. Previous record, Hunda 
Islands. 

[Note.—5. (Thyridium) Attmtfn Mitt., is recorded in the Melb. 
Herb, for Johnstone Rivev (leg. Berthaud).] 

CAnYHPKBES 8w. 

fC. MOLUCOBNSB Schwgr. 

Frenchman’s Creek, n. 372. Hampe, in PI. Preiss, recorded 
it for West Australia, but this record is not found in Mitten’s 
Catalogue, nor in Jaegers Adumbratio. It is almost ceKainly 
new for Australia. Previous range, the Moluccas. 

C. NiORBSCBNS Broth. et (leh. 

Cairns: Allen, Sept., 1906 (Herb. J. M. Murdoch). Earlier 
record, Bellenden Ker : Mrs. Gribble (Herb. Melb.}. 

*0. SBRRATUM A.Br. 

Malanda, n. 497,530. Previous records, Java, New Hebrides, 
etc. 

♦O. TKNBRUM C.M, 

Fig-tree, Police Paddock, Cairns, n. 226-8, 230, 232; l>aBe of 
Jiartle Frerc, n. 285. Previous range, Indo-Malaysia. 

[Note.—6'. MoiUyi Mitt., is t*ccorded for Cape Yorke (leg. 
Micholitz, 1897); and (7. Kmmdyanum Hampe, (1876) was found 
at Rockingham Bay by E. B* Kennedy, and at Goode Island by 
Powell in 1883.] 

FetHaem. 

W B181A Hedw. 

W. viRiDOLA (L.) Hedw. 

Ravenshoe, n. 475 (f. eperistomata). 

H Y o p H 1 L A Brid. 

*H. MiGHOUTBil Broth. 

Btoney Creek, n. 237 e.p., 261. Previous record, Papua. 

Bab But A Hedw. 

B. cALYoiNA Schwgr. 

Ravenshoe, n. 464 e.p. 
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GHmmiMM. 

Olyphomttrium Brid. 
to. COMMUTATUM (C.M.) Broth. 

Ravenshoe, n. 463 e.p, 48H, 532 e.p. 

OFthotrlehaoM. 

Macromitrium Brid. 
tM. Baemelii C.M. 

Pavenshoe, n. 490, 536, 616 e.p. 

tM DIMORPHUM C.M. 

Stoney Creek, n. 258; Ravenshoc, li. 485; Malaiida, 11.491; 
Kuranda, n. 511, 607A. 

M. HRM1TR1GHODK8 Schwgr. 

llaven^hoe, several nos. 

tM. PUOIONIFOLIUM C.M 

Malanda, n.4U3, 495; llavetishoo, n.506; Ynngaburra, 0.520 
Karlier records limited apparently to N.B.VV. 

tM* ScorriA C.M. 

Ravenshoe, n.481, 486, 5346. Previous record, N.ti.W., from 
Monga and Nowra northwards U) the Hiehmond River. 

(Note. aur€$c^m Hpe., is recorded from Mt. Archer, near 
Keppel Bay (leg F.v.AI.); il/. microsfonium{Huok. ei Grcv.), for 
Rockingham Bay (Dallachy, 1868), M. pHnillum Mitt., from 
Tringilburra Greek, Bellendeii Ker (F. M. Bailey); M, Sayeri 
Mitt., from the Russell River (W. A. Sayer, 18o6, Herb. Melb.), 
and if* Wkitdeytjei Brotli. et Oeh., from Bellendeii Ker and 
Bartle FrerQ(8. Johnson, 1891).] 

ScHLOTKElMKA Brid. 

8. Bailkyi Broth. 

Ravenshoe, several nos. The original record was Bellendeii 
Ker: the apecios spreads south well into N.8.W., and probably 
into Victoria. 

IplaohnaoM Ami Fu&arlacM. 

These two families are quite unrepresented in my N.Q. col¬ 
lection, but the following record may lie noted : Oonxomitrium 
acumifuUum H.f.W., (Clermont, Miss Gore),—W.W.W, 
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BryaoM. 

Brachymeniitm Schwgr. 

B. {Dtcranobrynm) Wattsii Broth., s(> ii 
JJioicuiu; gracilesoens, otesptiosuin, csebpitihus densis, luteb- 
centi-viridibus, soriceo-nitidis; caulib ereotub, vix ultra \ cm. 
longus, inferno fuM*o-radiculosus, dense foliosus, simplex; folia 
imbricata, ovaia, breviier acuminata, arisiaia, maiginil)U8 hasi 
rocurvis, integris, nervo lutescente. in aribtam deiiticulatam'ex- 
cedente, cellulis su]>erioribub elongate et angustc rhond>oidcis, 
basil aribus et alaribus quad rails. (!7»tera ignota. 

Uaveushoe (Millstream), it. 489 and 527 (leg. Watts, 1913j. 
Spocieb Br, acumimito Harv., vaide aflinis, bed staturu paiilum 
robu8ti(»re, foliisque brevius acuniinatis dignusceiida. 

^Anomobryum Schimp. 

*A. CYMUiFOLiUM (Lilidb.) Broth. 

Ravensiioe, ti.464 e.p., 6216, 632 e.p. Brevious range, India 
to Java and Aiiiboina. 

B u Y u Mi Dili, eiiieiid. Schirnper. 
fB. AR(«KNTKUH L., Vai*. NIVKUM H.f.W 
Uaveushoe, n. 463 e.p., 621 e.p. 

tB. KRYTHHOCAHPOIDKS Hpe. Ct C.M 
Kuranda, n. 429; Malatida, ii. 621 e.p. 

H. {Afptnijhrmia) kukaniia Broth, et Watts, n.sp. 
Dioicum. gracilescons, ciospitOMuin, cnaspitibus densiubculis, 
pallide lutebcenti-viridibus, nitidis; caulis vix ultra 5 inui. longub, 
bosi radiculobua, dense foliosus, iunovationibus pluribus erectib, 
vi\ ultra 5 nun longis, stnetis, jiiJaceis, obtusis, folia caulina 
erccto-pateutia, earinato-coneava, oblongodaiieeoliita, breviter 
acuminata, acuta, margiuibus aiiguste recurvis, apice ininutissime 
serrulatis, iiervo tciiui, brevissime excedonte, cellulis elongate 
et aligns to hexagon u-rhoiiiboideis, basilaribus laxioribus, alaribus 
breviter i*ectangularibu8; seta 1-1*5 crn. vel paulum ultra aJta, 
tenuissiina, fuBcescenti-rubra; theca nutans, ininuta, cum collo 
sporangii lougitudinis, pyriformis, c. 2*6mm. longa et c. 0*96mni. 
crassly sicca deuperculata sub ore baud constricta, macrostonia. 
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fusca; exostomii dentes lincari-lanccolati, subulato-acuininati, 
rufi, apiee hyaUni, dense larnellati; endostoinium luteuixi, minu- 
tissime papillosuni, rnembrana basilaris ultra medium dentiuin 
producta; processus lanceolati late fenostrati: cilia terna l>enc 
evoluta, longe appendiculata (^cetera igiiota. 

Damp wall of creek by Railway line, near Kuranda, n. 498 
(leg. Watts, 1913). 

Species innovationibus julaccis, tbeca tniiiiita, niacrostoma 
oculo undo jam dignoscenda. 

tH. riMPAMiK C.M. 

Wail of cieek by railway, near Kuranda^ u 679. 

tl>. SUfiATROPUKPURKUM C.M. 

MaJanda, n oUo, Miilbtreuni, Ravenshoe, n.521a 

tB. SUnuLlVACKUM C.M. 

Millstrcain, Kavenslioc, ii. 625 e.p ; Kuranda, n. 536 
B. HUBPACiiypoMA Hampe. 

Storiey Creek, ti. 249, 255, 259 Earlier record, Hockitighatu 
Bay(Danachy, 1869). 

—The following rocoixis should be noted . H, Jiailetji 
Brutli., (Freshwater Creek, near Cairns, Bailoy, 1889; Bellendon 
Ker, S. Johnson); leptothrvc O.M., (Trinity Bay, Karsten, 
1881).] 

Huodorryum (Hchimp .) Hainpc 
tR. omvacbum lipi\ 

Ravenshoe, ii. r)()6. 

tH. SUBCR18PATUM (CLM.) pHf. 

Yungaburra, on hillside, ii. 501. 

llnlaeM. 

M M I U M (Dill, exp) L., emend. Schimper. 

MN. Kp.(?). 

Ravenshoe, n. 517 c.p. 

Mn. sp.(?), probably sp.nuv. 

(1)Loc., n. 522. 
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lUiliogdiliMM. 

Hhisboooniom Brid 
tBn. Grhkbbh C.M. 

Ravenshoe, n. 483, 502. 

Kh. PAHR4HATTB5BK C.M. 

Ravenshoe, n. 523, 616 e.p.; Malanda, n. 618<;. A southern 
species, but already recorded (in Hb. Melb.) for Bellenden Ker 

Rh. spiNtFORMB (L.) Bruch. 

Malanda, Kuranda, and Ravenshoe, including f. minor, n.482, 
492 (previously recorded from N.S.W., and S.Q.). 

[Note.— Rh. br«v\folium Broth, was collected on Bellenden 
Ker by F. M. Bailey (1889), also by S. Johnson, on the same 
range, and on Bartle Frere in 1891.] 

Mbsochatb Lindb. 

M. UNDULATA Lindb. 

Babinda, n. 387. Common in the south, with, also, a record 
for Port Denison (Birch, 1889). 

Barferamlacea. 

Fhilonotis Brid. 

♦Ph. LAXfSBiMA (C.M.) Bry. jav. 

Babinda, n. 334; ./brma, Kavenshoe, n 517, 524. 

fPii. P8EuuoMou«is (C.M.; Jaeg. 

HavLMislKje, n. 489 c.p., 516; Barron River, ii. 496, JAig. 

Pelylrlobaeea 

POLYTKICHUK Dill. 

P. JONiPKttiNUM Hedw. 

Ravenslioe, n. 519. 

B. PLEUIIOCABPI. 

CryphsBaeeae. 

Crtphasa Mohr. 

C. THNBLLA Uomsch. 

Ravenshoe, n, 610 e.p., 616 e«p. 
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Cryphidiuh (Mitt.) Broth. 

C MnBr.i.RRi (Hftmpe) Par. 

Ravenshoe (Millstream, etc ), several nos. 

Cyptopodaeeas. 

BESCHBRBI. I. KA Bub. 

B. Cyutopus F.V.M.: B. brevtfoHa Hpe 
Ravenshoe, several nos. 

Ptyehomniaeea. 

Hahpkklla C.M. 

H PAM.RNs(Lac, Cladomnioti) Fleisoli.; [^tpidoptlnm <wstr<dc 
Broth.; HavipefUa Kurzii C.M. 

Tally Pulls, n.69I. [Previously recorded from Harvey’s Creek* 
Bailey, 1889]. 

tEdieladiaeete. 

*M T u RI u M Hchimp., E'leucher. 

*M. RUPRscBNe (Hsch. et Reinw.) Fleiscli. 
Ravenshoe, n.634e (f depauperate). Ranji^e, Indo-Malaysia. 

HeekeraeosB. 

Tmachyloma Brid. 

T. PLANIPOUUU (Hook.) Brid. 

Ravenshoe, n. 543; Malanda, u. 660 e.p. 

BMDUTRIOBILI.A C.M. 

E. DiaTBioBiAt C.M. 

Babindo, n. 440; Ravenshoe, n. 558, 5726, 616 e.p.; track to 
Tully Falls, n. 661. 

B. MPIDA C.M. 

Frenchman’s Creek, 417 e.p.; Kuranda, Oil e.p., 6070; Ravens- 
hoe, 476 e.p., 564 e.p. 

Garovaolia Endl. 

Q. Mublubi (Hpe.) Mitt. 

Kuranda; Babinda; Malanda; Ravenshoe, etc. 

MubllbbiobkVUN Fleisoh. 

M. WBiTBLBQOn (Broth.) FI. 

Stoney Creek ; Babinda; Frenchman’s Creek; Malanda; 
Ravenshoe. 
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^Ptkrobhtopsts Fleisch. 

P. PILIOERA Broth, et Watts, n.sp. 

Dioica; gracilis, ^rrej^arie crem^ens, lirte viridis, nitidiuscula; 
(•Allies socundarii usque ad 3rin. lon^i, inferne simplices, nudi, 
dein densissiine pinnatiin ramosi, filis el on gat is, sat iiumerosis, 
articiilatis, papillosis iiistruoti, mmis erecto*patentibus, vix ultra 
6'iiiin. longis, complanatiilis, siinplicibus, obtusis; folia imbricata, 
subcymbiformi conwiva, dorso hrvia, ovato-oblonga, breviter 
acuminata, acuta, marginibiis erertis, iibique serrulatis, nervo 
tcnui, 811 boontinuo, dorso superne serrato, ccllulis angustissiniis, 
apice papillose cxstante, basilai ibus infiniis laxionbiis, alaribus 
sat niimerosis quiulratis. Cictera ignota. 

Malanda, on trunks of trees, n. 5i9. Havenshoe, on trunks of 
trees, n. 605a. 

PTBBOBRTIDIITM Bi'Otl). et Watts, n.geii. 

Pt. aubtrale B. et W., n.gen. et sp. 

Dioicuin; robustiusculurn, 1a»te viride, rotate lutescens, nitidutn; 
cuulis priinarins longe repens, plus minusve fusco-rndiculosub: 
caules secundarii conferti, rigidi, superne sepe arcuati, usque ad 
12cm. Ipngi, dense foliosi, plerumque obtusi, rarius Hagelli- 
formitcr attenuati, infeme simplices, dein plus minusve regu- 
lariter pinnati, ramis patulis, teretibus arcuatulis, usque ad 
2crn. longis, obtusis vel plus minusve longe, rarius flagelliformiter 
attenuatis, simplicibus, rarius longioribus, parce ramulosis; folia 
caiilina infima, minuta, dein sensim accrescentia, cochleariformi- 
concava, sicca imbricata, Irovia, late ovalia, apiculo lato, obtuso, 
recurvulo terminata, nervo simplici basi validiusculo, dein raptim 
tenuiore, ultra medium folii evanido, oellulis inter se porosis, 
1 inearibus, chlorophyllosis, basilaribus inflmis fnsco-aureis, alaid- 
bus numerosis, subquadratis; bractero perichrotii erectro, concavro, 
internro oblongro, raptim breviter acuminates, c. 5 mm. longn et c. 
1*5 mm. latn, integro, nervo tenui, vix ad medium bracteas pro- 
ducto, cellulis linearibus, inter se valde porosis, basilaribus laxi- 
oribus; seta c. 1 mm. alta, stricta, fusca; theca immersa, breviter 
ovalis, sicca deoperculata sub ore paulum constricta, c, 2 mm. 
longa et c. 0-90 mm, crassa, fuaca; peristomium duplex, infra 
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orificinm oriundutn, rufuin, Imve, cum prseperistomio; exostomii 
dentes an^nsto lanceolati, linca dorsali i*eeta, articulationibus 
lameUiformibiifs, corona basdarisrudimentaria; pro<'eHhus angusti; 
sublineares Ccetera ijc;nota. 

North Queenbliinrl : Malanda, ii. 619a; liaveiiflboe in scrub, 
n.551e.p.,r)55, 55fi, 657 e.p., (Watts, Queensland*N.S W • 

Mt. Lindsay («1 L. Roormau, n.1522 in Herb. 8ydn.). 

Ghiniis novum iiisigne, habitii folioruinque structura speciebus 
nonnullis Pferoln'yopsxihd siiriillimum, sed theca intmersa nec 
non peristoinio dignoscenduiii 

P A p I L L A R I A (C.M.) C.M. 

P. AMBLYACis (C.M.) Jaeg. 

Lake Karnne, ii. 636. 

P. PLiextcAUUs (Tayl.) Jaeg. 

Ravenshoe, u.566 e.p., 610e.p., 654a, Malanda, ii.6l9 e p., 647 

P. KKRMAURCEN 81 S (C.M.) Jaeg. 

Babinda; Malanda; Havenshcie; several no.s. 

fP. NiTiutuscunA Broth. 

Malanda, n.618e.p., 6195. Previous records, N.8.W. 

M K T K o u III M Do/., et Molk. 

M. Railbyi (Broth., Papxllaria) Broth., UryaUs^ p. 818 . 

Knvenshoe; Malanda; Yungaburra; several nos. 

*M Miqublianum (C.M.) Fleisch. 

Malanda; Ilaveiishoe; several nos. 

Arkobryopsis Fleiscli. 

A. 8IOMATOPHY1.LA (C.M.). 

Base of Bartle Frere; Babinda; Frenchman’s Creek; Malanda; 
Lake Barrine; Kavenshoe: many nos. 

^Floribunpa kia C.M. 

^Fl. FtiORiBUNDA (Doz. et Molk., Meteoriim) Fleisch. 

Malanda, n. 4946, 6l9e: Yungaburra, n. 668 e,p.; Ravenshoe, 
n.579. 

*Ft. PSBUDOFLOKiBiiNOA Fleisch. 

Malanda, n,661 e.p., 605; Ravenshoe, n.68a, 624 e.p., 666, 
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Vl. robubtula Broth, et Watts, n sp. 

Dioica; robustiuscula, pallide lutescenti-viridis, opaca; cauHs 
sactindarius breviusculus, dense piiiuatim ramofius, ram is patulis, 
usque ad 2 cm. longis, apicem vei'sus decreacentibus, laxiuscule 
folioais, simplicibuB, obtuais; folia ramea horride patula, e basi 
cordatoovata lanceolato-subuiata, comalia in pilum liexuosmn, 
dotiticulatum atteiiuata, marginibus basi uno latere inflexia, 
apice creriiilatis, nervo tenui, ultra medium folii evanido, cellulis 
elongatis, anguatis, seriatim papillosis. Ctttera ignota, 

N. (Queensland : Malaiida, oti tree-trunks, n.6|8ri. 

Species statu ra robustiuscuJa foliisqiic horride putiiHs oculo 
nudo jam dignoacenda. 

Barbell A (O.M.) Fleisch. 

B. BNBHVjs (Thw. et Mitt.) FI.; trtehop/iarouiaa Upe. 

Kavenshoe, ii 556, 624, 626 e.p. 

*M KTRORIOPSJ8 Fleiscll, 

*M. brcliwata (C.M.) FI. 

Malanda, 604, etc.; Yungaburra, n.626a; Ravenshoe, 541,etc. 

^Trachypub Reiiiw. et HornBch. 

^T. Novjb Caledonia C.M. 

Malanda, ii. 633. 

Ortuokrhynchium Reichdt. 

O. OYMBIFOLIOIDBB C.M. 

Ravenshoe, n. 600, 606 e p., 611 e.p. 

Ca L yptothroi u If Mitt. 

C. AOUTUM (Mitt.) Broth. 

Babinda, n. 317; Ravenahoe, n. 551, etc. 

C. HUMiLB (Mitt.) Broth. # 

Ravenshoe, n.557e.p.; Yungaburra, 612,etc.; Malanda, n.619^. 

0. RBCURVULUM (O.M., TrochyUma) Broth. 

Babinda, n. 312 e.p. 

Nbckbropbis Reiohdt., emend. Fleisch. 

K, Lbpinxana (Mont.) Broth. 

Malanda; Baveashoe; Yungaburra: several noi. 
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*HTMANTocrAOiUM (Mitt., iTflcfara) Fieisch. 

*H. LORiPORMB (Bryol. jav.) FI. 

Base of Bartle Frero, n. 294; Babinda, n. 437. 

OMALIODRNDKON Floisch. 

RXiouUM (Bryol jav., Homalia) FI. 
Havenshoe. n. 546, 576«. 

*H. FLABKLLAYUM (Dicks, Hm., Hookerid) FI. 
liavenshoe, n. 547 8, 564 e.p., 609. 

*P I N N A T K L I. A (CM.) FlciSch. 

*P. INTRALIMBATA FL 
Havenshoo, n. 600a, 611, 632, 667 e.p. 

Lembophynaeeo. 

C A M P T O C U ^ T K Reirhdt. 

C. URIABAlflOA (G.M.) 

Haventihoe, n 542, 595, 648 e.p.; Lake Barriiie, n, 636. 

G. VAGA (Hornsch.) Broth. 

Bubinda; Frenchmatrs Greek; Malaiida : .several nos. 
Entodontacese. 

♦C A .M P V L o u o N r I u M Doz. ot Molk. 

*G, FLAVKBCBNS (Hook., Fievogonitm) Hryoi. jav. 
Ravetisboe, n. 538, 581 e.p. 

FabroniaeesB. 

U 8T1 N 1 A C.M. 

LUZONRNSIS Broth. 

Ravenshoe, n. 667 e.p. 

Hookeriaeece. 

D 1 B TI c R o p u Y Mi u M Doz. et Molk. 

D. Baileyarum O.M. 

Kuranda; Ravenshoe; Yungaburra: several uos. 

Cyolodicttoh Mitt. 

O. iiKPlDUtf (Mitt.); Hooktria hartteniaiMk Broth. Oeh. 
Yungaburra, n. 576a, 674, 


42 
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CAr.Lico8TBLLA (O.M.) Jaeg. 

*C. XiERNBACHii Broth. 

Kurancla, n, 266, 272; Habinda, 332 hu. 

Chatouitkium Doe. et Molk. 

Cii. ENi'ODONTOiDBS Broth. ct Watts, n sp. 

Dioicum; gracile, ciuspitosum, caespitibus laxis, mollibus, (lu- 
pressis, lutescenti-viridibus, nitidiuscuUs; caulis repons, fusco- 
radiculosuftjdensc et cuinplanate folios us, dense pinnatim ramosus, 
ramis vix ultra I cm. longis, complaiiatis, obtusis; folia erecto- 
patentia, concaviuscula, (»vatO'Oblonga, rotundato-obtusa, dorso 
IfBvia, margin ibuB erectis vel basi anguste recur vis, superiie 
argute denticulatis, nervis binis, ln*ovibus, indistinctis, cellulis 
angustissiinis, liiiearibus, infima basi brevioribus et latioribus, 
aureis, omnibus lievissimis ('letera ignota 

North Queensland: Frenchman's Creek, Cairns District, n.352. 

Species distinctissima, habitu eiitodontoidco foliorunique forma 
facilHine dignoscenda. 

Ch. Gbhkebii Broth. 

Babinda, n. 336a. 

Ch. nrmatosum Broth. 

Babinda; Frenchman’s Creek; Kavenshoe; several nos. 
Lepidopilum austraU, See Hampetlla pallen$, 

HypoptevyglaoM. 

Hypoptbrygium Brid. 

H. MuRrxBRi Hpe. et C.M. 

Lake Barrine, ii. 643. 

Helleophyllaeea. 

POWKLLIA Mitt. 

P. AUSTRALIS (Hpa, lUlicophyUum) Broth. 

Frenchman’s Creek, n. 401. Found earlier by Dallaohy at 
Rockingham Bay. 

RhaeopUftoen. 

liHAOOPILUM Pali*. 

RR. OOHVOLUTAOBUlf O.M. 

Babipda; Frenchman's Greek; Malanda; Bavenahoe. 
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LeskeaeesB. 

K R p KT1N Bu KON (C.M.) Cardot. 

Tocco^ (Hull, efc , Anomodon) Card. 

Ravanshoe, n. ri98 e.p. 

T u u f D I u H Bryol. eur. 
tTu. LiLLiPUTAMUM Broth. 

Raveoshoe, n. 648, 665, 

Th. PLUHULOsiFORHE (Upe.) Jaeg. 

Stoney Creek; Frenchman’s Creek, Kuranda; llavenshoe. 

ITh subbrrctum (Hpe.) Jaeg. 

Btoney Creek; Malanda; Ravcnslioo 

[No^n .—The following species have also been ixicorded for 
N.Q : Th, nvmmfoBum Mitt, (Belletiden Ker: Kars ten); Th, spar* 
turn (Bellenden Ker : Karsten), and perhaps others.—W. W.W.J 

Hypnaeese. 

SiereodonUff. 

ECTROrOTHBClUM Mitt. 

B. sBRRiFoiatjM Broth, et Watts, n.sp. 

Qioiciim (1): gracife, ctespitosuiii, ciespitibus densiusculis, 
rigidis, depi^ssis, liete viridibus, idtidiusculis; oaulis ciongaius, 
repeiis, fusco-radiculosus, dense subpinnatini ramosus, raoiis vix 
ultra 5mni. longiS, strictis, dense et coinplanate fuliosis, siinpUci* 
bus, obtusis; folia erecto-i^tentia, caulina superiora phis iniuus\c 
distincte homomalla, ooncava, caulina ovato-laiiceolata, plus 
minus ve louge aeuniiimta, marginibuh inf erne iiidistincte re- 
curvis, superiic crectis, argute sorratis, nervis biuis, brevibiis, 
celluHsanguste linearibus, apice distipetissime papillose exstanle, 
marginalibus in serie unica brovioribus, ramea breviter et late 
acuminata. Csetora ignota. 

Cairns IJistrict: Millstream Falls, Kavenshoe, n. 528 (leg. Dr. 
Joynt). 

Bpecies E. Eollingeri (C.M.) Jaeg., afBnis, sed foliis argute 
serratis jam dignosoenda. 

E. uMBtouLATUM (O.M., H^pnum) Par. 

Stoney Creek; Kuranda; Babinda; Bavenshoe, etc. 
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*E, VBRRUOOSUM (llpe./Jaeg. 
llavensiloe, n. 539 e.p., 606, 653 e.p., 661. 

Ktrrkodon Mitt. 

S. M08KMANNIANU8 (C.M., Uypnum) Broth. 
Millstreiun, Ravenshoe, ii. 521 e.p. 

fs. 8UBCHRTSOGASTRR Broth. 

Rocky Hill, Kuranda, n. 680 e.p. Previous loc., Blackall 
Kango: leg. Whitteron. 

A C A N T H O r L A D 1 U M Mitt. 

A. RXTRVUATUM (BHd.) Mitt. 

Frendinnati*8 Creek; Malaada; Kavenshoe; Tully Falls. 

A. sp.l 

Haveiishoo, n. 605 e.p. 

riafjioikeciem. 
rHOPTRUYGlUM Mitt. 

1. AiJHTRo-PusitLUM (C M.) Jaeg. 

Btoney Creek, Kuranda; base of Bartle Frere; Babinda. 

T. cANDiDUM (G.M.) Jaeg, 

Kuranda; Malanda. 

I. SUBLATIFOUUM Broth. 

Base of Bartle Frere, n. 299 e.p., 305, 

Taxithrlium Hpruc. 

T. KBRIANUM (Broth., Tricho9tdmm) Broth., Bryales. 

Base of Bartle Frere, n. 285 e.p., 298; Babinda, n. 320 e.p.; 
Tully Falls, n. 591 e.p., 597. 

tT. Novjb VALUiiB (Broth., I9t>pterygium) Broth. 
Babinda; base of Bartle Frere; Malanda; Yungaburra; Tully 
Falls, etc. 

*T. PAPiLLATUM (Harv.) Broth., Bryales. 

Babinda, n. 424; Frenchman's Creek, n. 362a. 
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T. {PolyHignui) Waitsii Broth., n.sp. 

Dioicuiu; roliustiusculuin, cffispitosuni, CHSbpitihus dt^nsifi, de- 
pressiH, viridibus, nitidis: caulis elongatus, repens, per totam 
longitudinem fuHco>nuiicu loans, dense pinnatim ramosua, ram is 
patulis, valde eomplanatis, dense fohoais, obtusis, rarius flagcllis 
iiiicrophyiliiiis instructis, cum foliis e. 1 7 min. laiis, vix ultra 
A mm. iongis, siinpHciVxis ve) longioribua, pinnatim ramulosia, 
folia ramea lateral i a paten iia, valde con cava, c basi patilunt 
angustiore oblonga, seiihini laiieeolato acuniinata, rnarginibus 
erectis, apice minute serrulatis, nervis binis bre.vibuB vel nulHs, 
ccilulia angustiRBiniis, seriatim minutissime papillosis, basilnribus 
infimis vesiculosis, hyalin is. Cietcra ignota. 

Babinda, North Quecnblaiid, on living tree trunks, n. 441. 

Species valdc pecu]ian!9, cum nulla alia eommutanda. 

V KSICUhAKlA (C.M.) C.M. 
tv. aiVALis Broth. 

Stonoy Creek, n. 256 e.p. A second locality. The type was 
collected by Watts on the Richmond River (Whian Creek). 

Sematophyllacesd. 

M E lOT H KCI U M MlU. 

M Bkothbri Watts; J/. te^urum B.P., non Mitt. 

Cairns (Police paddock, on fig tree), n. 227, 228, 230; Street’s 
Gully, Kuranda, n. 270a, 607. 

tAI. Wattsii (Broth , Pterogoniella) Broth., Bryales. 

Kuranda, n. 607c, 642 

Rhaphidosteqiijm Schimp. 

Rh. AOICULUM (C.M.). 

Stoney Creek; Kuranda; Kavenshoe, etc. 

Uh. ovalv Broth. 

Babinda; Frenchman's Greek; Ravenshoe. 

Ru. PaKUDO-HOHOUALLUM (O.M.). 

Kuranda; base of Bartle Frere; Babinda; Frenchman’s Creek; 
Ravenshoe. 
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*Rb. baproxtlophilum (O.M.) Jaeg. 

Frenchman’s Creek, ii. 362; /. rolyn 4 la (n. 415). 

Srmatophyllum (Mitt.) Jaeg. 

8 . ERYTHKOPODiim (Hpe.) Jaeg. 

Malanda, n. 625 e.p. Previous record, Rockingham Bay : 
Dallachy. 

S. sp.? (ster.): Havenshoe, n. 688. 

8 . spl (ster ): Tally Falls, n. 591 e.p. 

*Trichostklkuii (Mitt) Jaeg, 

T. (Papillidium) elrgamtulum Broth, et Watts, n.sp. 

Autoicuin; tenellum, ciespitosuiD, ciespitihus densis, pal tide 
viridibus, estate lutescenti—vel fuscescenti—viridibus, nitidi- 
usculis; caulis breviusculua, per totam longitudinem fusco-radicu- 
losus, dense ramosus, ramis adscendentibus, complanatis, brevi* 
bus, siraplicibus vel longioribus plus minusve ramulosis; folia 
erecto-patentia, concava, e liasi anguste oblongo-elliptica sensim 
lanoeolata vel lanceolato-subiilata, margin ibus late recurvis, 
superne argute serratis, enervia, cellulis anguste ellipticis, auperi* 
oribus papilla media altiuscula instructis, infimis aureis, alaribus 
raagnis vesiculosis, hyalin is vel aureis; brae teas perichietii internse 
crectflo, e basi vagiiiante in acumen loriforme, argute serratum 
sensim attenuate; seta vix ultra 8mm. alta, tenuis, rubra, 
ubique mammillis humilibus latis, luteis obtecta; theca suberecta, 
majuscula, ovalis, fusco-rubra, I»vis; operculum ignotum. 

Cairns District (Frenchman’s Creek), n 362. 

Species distinctissima, foliis angustis, nec non theca majuscula 
oculo nudo jam digiioBccnda. 

T. UAMATUM (Doz. et Molk.) Jaeg. 

*Var. SKMiNAMHfLLOSUii (C.M.) Par. 

liabinda, n. 319e.p., 337a; Frenchman’s Greek, n. 3626, 383. 
The var. previously recorded for Papua and the New Hebrides. 

RhegmatodontaeesB. 

*Maorohthbnium C.M. 

HUPUM (Beinw. et Homsch.) C.M. 

Malanda, n. 623; Bavensboe, n. 667, 660, 662. 
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Brachytheeiaoes». 

Rhtnchobtkoirlla (Bryol. eur.) Limpr. 

Ru. CONVOL17TIFOUA (Hpe.) Broth. 

Rase of Rartle Frere> n. 297 e.p. 

U H Y N r IIOHT Ro I u M Bryol. eur. 

Rh. nano pisknatum (Broth.) Far. 

Base of Bartle Frepp, ii. ^Hfiep., 296 7; Babimlii, n 320 (/na); 
Frenchman’s Creek, n. 416. 

Rh. tenuifomum (Hodw.) Joeg 

Haveitshoe, ri.425 e.p , 476 c p.; Yungaburra, n 601. 

Hypnodendracem. 

II Y P N O J) R N D R O N (C.M.) Lindh. 

H. SPININERVIUM (Hook.) Jaeg. 

Kiiraiida; Babinda; Yutigaburra; Havenslioe 

Mniodbnoron Lindh. 

Mn. comatulum dell, in Herb Hrotli. 

Dioicurn; gracilescens, viride, letate fusccHccns, lutidiusculuiii; 
caules secundarii approximati, usque ad 4 cm longi, n foiiis 
squamaaformibus, remotis, pateiitissiinis, reflexis, tomento den- 
sisBimo fusco-purpureo occultis oiUecti, superne verticillatim 
ramosi, ramis LI *5 cm. longis, gracilibus, arcuatulis, undique 
dense fuliosis, simplioibus; folia caulina e basi late rordata, tri- 
angularia, longe aristata, inarginibus orectis, basi minute denti- 
oulatis, superne argute et iniequaliter serratis, nervo longe ex- 
oedente, cellulis anguatissimis, alaribus sat numeroBis, ovali- 
hexagonis, fusco-aureis; folia ramca patentia, ovatodanceolata, 
breviter acuminata, marginibus basi integris, superne argute et 
insaqualiter serratis, nervo apice evanido superne dorso serrato; 
seta usque ad 2 cm. alta, flexiiosula, tenuis, fusctdula; theca 
horizontalis, oblongo cylindrica, c. 3 mm. longa; operculum e 
basi oonvezo-oonica longe rostratum. 

Oharmellan's Creek, on Gordon’s track from Ravenshoe to 
TuUy Falls, n. 676. Mt Armit: Penteke in Herb Melb.(type). 
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No.4. Hrmiptrra Hktrkoptrra : Thr Family DvmTANUi > j <, 
With a Notk on the Ohioin of the Hkteroptkha. 

By B, J. Tillvaku, M.A., D.Sc., F.LS., F.E.S., Linnran 
Maclbay Fellow of the Society in Zoolooy. 

(Plate lix.; and Toxt‘6^i'es 17-2!3). 

In 1916, T (leacribed(8) the beautifully preserved win^ of 
Dunatania pulchra Till., from the Upper Tria-s of Ipswich, 
Queensland, and placed it as the sole representative of a new 
family Dunataniidia within tfie Order Lepidoptera This deci¬ 
sion had the concurrence of Dr A. Jofferis Turner, of Brisliane, 
and was based mainly upon the presence of eight longitudinal 
veins in the fossil, this being the number found in the hind wings 
of Frenate Lepidoptera. 

While the description of this fossil was going to press, 1 hap¬ 
pened to be on a visit to Brisbane. A day or two before I left, 
Mr. Dunstan showed me four other specimens liearing the lal)el 
“ Dunatania ” in pencil; those had just been discovered at 
Ipswich. Two of them were brood wings resembling the type, 
and two were much lunger and narrower wings. Thinking that 
these latter must be the forewings of the same insect oa that, 
whose hindwing I had assumed the type to be, I added the note 
on p.32 of the paper quoted above. However, when 1 received 
from Mr. Dunstan, later on, the complete collection of Ipswich 
Insects of which these wings formed a part, and had time to 
work at them in detail, f soon found that the two narrow wings 
did not belong to Dunatania at all; so that there remained only 
the two broad wings for study in connection with the original 
type. Neither of these is in anything like as good a state of 
preservation os the type is, and one of them is very poorly pre¬ 
served indeed. 



HY R, J. TILLYARO. 


569 


Meanivhile the publication of the original description had 
created considerable interest amongst entoinologistSf and discus¬ 
sion soon became rife as to its true affinities. Tn August, 1916, 
Mr K. Meyrick, contributerl a paper on the subject*(2), 

in whicli he argued strongly against the admission of Dfmatania 
to the Order Tjepidoptcra, and suggested that its affinities might 
rather be with the Honioptera. He reasoned as follows 
order to appreciate the position, 1 looked up the record of 
Pahpontina oolitwa Hutl., from the Jurassic, hitherto the oldest 

known Lepidoptcron,.; I must express my opinion that 

there is little doiiht it l>elong« to the Uf^pttdidfp . Now it 

is clearly proved on structural grounds tliat the Micropt^rygina 
(the small group to which the BepiaHdtp belong, otherwise 
termed Jngata*) were the primitive form of the Lepicioptera, and 
the nature of PakBoniitia is in accord with this conclusion and 
coniirinatory of it. Parenthetically, J take occasion to imtice 
that Qoss, Tillyard,and others are troubled as to what the early 
Lepidoptera can have fed upon, when llowering plants were not 
yet in existence, and honey was not available; it is a problem 
easy of .solution, since the more primitive forms (including the 
liepiahdm) have in general no proboscis or feeding apparatus, 
and, therefore, fed on nothing in the perfect state.” 

** With the evidence recounted above, D%imiania^ if regarded 
as Lfepidopterous, is violently discordant As the hind wing 
possesses neither frenulum nor prominent basal angle of costa, 
it must be assumed that the forewing was furni.shed with a 
jugum; all existing Lepidoptera exhibit one or other of these 
structures. But all jugate Lepidoptera have the hindwing 
similar in neuration to the forewing, with at least 11 veins, 
whereas this wing seems to be of the modem 8-veined type, 
though conspicuously dififerent from any known form, and in fact 
quite as highly specialised as any now existing. Finally, there 
is the apparently corneous margin round the costa and termen, 
which is altogether abnormal, no other Lepidoptera showing a 

• See also Nature,*' No. 2488, Vol.»9, Sept. 28th, 1916, p.76, where 
this paper is reviewed. 
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trace of it, and in my estimation a far more important systematic 
character than the two which the author lays stress on.'’ 

appears to me, then, that this specimen can only be 
regarded as Lepidopterous on the theory that it is a member of 
an entirely unknown line of development of that Order, which 
had attained a high degree of specialisation at a period far 
anterior to the earliest certainly Lepidopterous insect known, 
itself a lowly organised form; this cannot be termed impossible, 
but it involves a very great improbability. The alternative view 
that the resemblances are accidental and the insect not Lepi¬ 
dopterous seems to me, on the whole, less improbable." 

** I cannot venture to express any positive opinion on its pos¬ 
sible relation to other Orders, but 1 suggest that theie are some 
points of resemblance to the Hemiptera-Homoptera, some species 
of which have a semi-Lepidopterous facies. The corneous margin 
of the wing, the central cell (usually, it is true, much larger), and 
approximate number of veins rising from it, and even the curious 
dark banding of the membrane alongside the veins, can all be 
paralleled in this group, which, moreover, is already known to 
have been in existence since the Carboniferous period."* 

Mr. Meyrick's criticism led me to study intensely the various 
types of Lepidopterous wing-venation extant, about which I 
knew very little at the time that I first described the fossil. I 
very soon became convinced that Dunatanxa was not a J.<epidop- 
teron; but that conviction was not based, for the most part, on 
the argument set forth by Mr. Meyrick, which I regard as un¬ 
sound in several important particulars. 

Firstly, as regards PalmonUna, The latest authority on the 
family to which this fossil belongs is Handlirschll), who gives a 
masterly treatment of this and allied fossils, with photographs 
and restorations of a number of types, in some of which the 
hindwing is complete enough to allow of definite proof that the 
Pafeeontinidm were most certainly not Hepialidat^ as Meyrick 
avers, nor even Jugatie of any kind, but definitely Frenatn allied 

* This is sorely an error, Ko true Homoptera were known below the 
Uas, until 1 described ifesej^dasus from the Ipswich Trias, and, later on, 
two new genera from the Permian of Newcastle, N.S, W. 
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to the Limacodidf^, If Mr. Meyrick “ turned up the record of 
Palmuntina oolUica,'' how is it that he ignored HaniJlirsch’s 
epochal work, which does not fit in with his own opinions 1 
T accept without any doubt whatever Handlirsch’s proof that 
the PalfToniinidat were Frenate moths, though I take leave to 
doubt that they were as closely allied to the Limacodida as ho 
imagined. The evidence of the hind wings, which are small, with 
only eight or nine veins, is conclusive on the point. Conse¬ 
quently, there is no absurdity in supposing that Frenate types 
might have existed also in the Lias, or in tlic Upper Trias of 
Australia. That being so, all this part of Mr. Mcyrick’a argu¬ 
ment rests upon an unsound basis. 

There is, tlierefore, no a priori reason why a Frenate motli, of 
a type/ar rnmooed from those we know at the present day, miglit 
not also have been in existence in the Upper Trias at Ipswich, 
though I am quite willing to admit that it might not he a very 
probable supposition. 

Hecondly, as regards the ** apparently corneous margin'' round 
tho costa and termeri In my description, T simply called this 
a wide margin without pits," and added that **thc external 
border, or shows signs of a dolimte transverse ribbing *' 

which extends also somewhat indistinctly round the apex on 
to the costa." I purposely refrained from suggesting that it was 
a corneous margin, as it seomod to me to be equally likely tbat 
it had been formed by the crushing down of the deep bases of 
insertion of a series of stiff and closely packed marginal hairs or 
bristles, such as one sees in many Diptera, for instance There 
was no inherent improbability that such a margin might not be 
found on a strongly-built and hairy-winged, primitive Lepi- 
dopteron. 

If, however, the margin he really corneous, then I admit that 
the character is of great importance, and definitely rules Dun- 
»tania out of the Lepidoptera. In tho actual fossil, the appear¬ 
ance of this margin is certainly not such as to suggest a positive 
solution to this question, oneway or another; but Mr. Meyrick, 
of course, had only my drawing to go upon. 

Thirdly, I should like to reply to Mr. Meyrick’s parenthetical 
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statement tliat the early ancestors of the Lepidoptera took no 
food ill the imaginal condition. Tin's argument defeats itself. 
For, if these insects took no food as imagines, then surely tlieir 
descendants must have even more aborted mouth-parts than 
their ancestors, and thus they should all Ix) either liepudidm or 
Satnr7iiidfti ! Surely the ancosiors of those Lepidoptera that ai e, 
to-day, of the haustellate type were originally of the weak man 
iiibulatc type still preserved in Micropieryx and allies, and were, 
therefore, pollen-feeders and lappers-up of dew and rain-drops, 
as tlie great majority of the Planiponnia, Mecoptera, Trichoptera 
and Diptera are to day ! 

To my mind, the groat arguincni against Dnn»tama being a 
Tjopidopteron is simply this, that the venation, (]uite H|>art from 
the mere numlier of the veins, does not show any of tlic typical 
arrangements of that Order, whether Freiiatie or Jugatie. As 
soon as I had sufficiently mastered the wing-venation of the 
Order, I became convinced of this, and definitely rejected iny 
original placing of the fossil It is part of the object of this 
paper to relate how tlie opinions of diileront entomologists, look¬ 
ing at the problem from different points of view, favoured the 
claims of various Orders to receive tliis fossil; Imt none, includ¬ 
ing myself, who Itsd the type-spcx'itnen itself to study, succeeded 
in finding the true solution, which was at last given by tlie 
study of the new material. 

Starting from Mr. Meyrick’s suggestion that Dun^ta^^ia might 
lie riomopterouB, 1 find that a number of corrospemdonts enter¬ 
tained this idea, the strength of whieli lies, of course, in the in¬ 
terpretation of tiio margin of the wing as corneous. However, 
Mr. J. Edwards, of Cheltoiihain, England, an acknowledged 
export upon this Oi*der, wrote to Mr. Meyrick, and also to me, 
strongly opposing the idea, on the ground that lie could see 
nothing in the fossil to indicate such a relationship. As the 
Uomoptera are well represented in the Ipswich Trias by forms 
differing entirely from Dumtanm^ and as I was unable to estab¬ 
lish a single venational eliaracter common to the two types, I 
soon abandoned any idea of relationships in this direction. 

In oorrespondencei other entomologistB disoussed with me the 
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probable affinities of Dnmtaniai but their opinions were not 
published. 7n particular, T desire to mention Mr. Herbert 
Campion's share in the clearing up of the mystery. It was 
through his unfailing courtesy that 1 was kept in touch with 
the trend of opinion in England on the fossil, and from him I 
obtained valuable huggestions as to clues that were worth follow¬ 
ing out. One of the most interesting of those, originating with 
Mr Durrant of the British Museum, and stated in publication 
by Dr. Bather, F.R.S., in the course of a short review of my 
paper in ‘‘ Nature,”* was, that the venation of Dmistnuia might 
be compared with that of certain groups of Diptera, such as the 
l^sychodidtr. At aliout the same time, Or. C J. Gahan, of tlie 
British Museum, had before him a small collection of insects 
from New Zealand, and suggested to Mr. Campion that the fossil 
should he compaied with the Anthomyiid Eoianf «tnyM^artii 
Hutton, which it closely resembles in the shape and genera] ap¬ 
pearance of the wing. 

Acting on these suggestions, T put myself into communication 
with several New Zealand entomologists, in tlu; endeavour to 
obtain material of ExsnL This, however, was loit easy to got, 
as the fly is exece<ling1y rare, and regarde<l as a great prize. 
After a considerable time, f obtained two specimens, one from 
Mr. David Miller, Government Entomologist of New Zealand, 
and an expert Diptwrologist, and another from Mr. 0 V. Hudson, 
of Wellington To lioth of these gentlemen I offer iny cordial 
thanks for their generosity in sending me such valuable iimtenal. 

While I could not admit any affinity between Dunatania and 
the Ea^chodidie^ 1 was impelled to study more closely its possible 
affinity with Exstd, in spitn of some cardinal diflbrences in the 
vciiational scheme, which would he hard to explain on any 
hypothesis. Believing timl I had here, at last, a good solution 
of the problem, and wishing to give duo credit to those to whom 
the suggestion was originally due, 1 wrote to ‘‘Naim'e,”t stating 
my adherence to the probable Dipterous nature of Dunsiania. 
However, it was necessary to carry out a very detailed study of 

* ^ NatureT^Nor^lTVol. 97, Aiift 10th, 

t “ Nature." No. 2488, Vol. 90, July 8th, 1917, p.373. 
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the fossil before anything could be published. Here T was 
helped and guided by a regular correspondence with Mr. Miller. 
Uc, like other entomologists, found in the supposed corneous 
border of the wing a stumbling-block to the acceptance of any 
theory of Dipterous affinity for the fcjssil. He also pointed out 
the remarkable difference between the structure of the costal 
vein in Dnmlanxa and in Ex$uf^ and finally declared his belief 
in the Homopterous nature of tlie fossil. 

The only other possibility that occurred to me was, that 
slanta might he the wing of a large Oligonourous Mayfly. The 
shape and venation of the wing made this likely; but T was 
unable to follow this line of research far, as T soon l)ecamc con¬ 
vinced that the evident toughness and strength of build of the 
DuiisCania wing could not possibly have belonged to the wings 
of any representative of tho Order Flectoptera. 

Here, then, after having reviewed possible affinities with four 
Orders, Lepidoptcra, Diptera, Homoptera and Flectoptera, I 
abandoned the study of this puzzling fossil for a time, in the 
hope that a respite from the work might rid roy mind of any 
preconceived notions, that were bound by now to l)0 present, 
after so long a time spent in thinking over the problem, and 
might allow some new light to come in. 

In the meanwhile, J had received fi'om Mr. Duxistaii the com¬ 
plete series of fossils found at Ipswich since my first paper had 
l)ecn publisliod, and had been arranging these for study. For 
Some montlis, I had put the now material of DunHania by, as it 
was evidently in very poor preservation compared with the type, 
and I did not expect to get any new evidence from it. It was, 
however, from this new material that the solution of the problem 
came; and that solution was of such a nature that it could have 
scarcely been suggested as a possibility, on the evidence of the 
type alone. 

Tho number of tho type^spccimon was 2a; the two wings of 
Dwistania received after tho type had been described were 
numbered 107a and 147 respectively. In the present paper, I 
propose to give a complete description of the new material, 
together with a re-examination of the type in the light of the 
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Tievr evidence, and an attempt at a complete restoration of the 
wing. 

Specimen No.147 is in a very poor state of prusci vation, and 
represents practically the same area of tlie wing as is found in 
the type it clearly l>elongs to a somewhat larger insect than 
the type; and, as the venation diders from that of the latter in 
some important respects, it will form the type <if a new genus 
within the family Dunsimnidft^, 

Hpccimen Ntj.lOTa is in much hotter jireservation than No. 
147, hut it is not so well preserved as the type. Tlie apical part 
of the wing is missing, but the whole of what was taken to he 
the basal part in the type is fairly well preserved. On the other 
side of this there is preset-veti a large flattened area, with only 
traces of disconnected venation. On making a careful drawing 
of tins, and trying to establish its connection with the rest of 
the wing, on wiiicti the venation is well preserved, it iiecaine at 
once apparent that thi.s new fossil repn^ented almost the whole 
(excluding the base and apex only) of a huge Heteropterous 
hemelytrofi, and that the supposed almost complete wings pre* 
served in the type-specimen end in No.l47 were, in reality, 
nothing more than the distal membranous half of the hemelytrori, 
which IS separated anteriorly from the basal half, or curium^ by 
a strongly developed 7iodc upon the costa. 

With this new and unexpected light upon the problem that 
had been exercising me for so long, the mystery of the aflSnities 
of Du^mtania became cleared up in a moment. There cannot 
now be any doubt that these fossils are Heteropterous; the only 
question that remains for discussion is as to what, if any, recent 
or fossil families of Hetoroptera show any afiinity with them. 

Before the fossils, including the type, can be correctly de¬ 
scribed in terms suitable to their new position, it will be neces¬ 
sary to examine them very carefully, with a view to trying to 
establish the homologies of their unique venation upon the 
Corns took-Need ham system. This is a difficult task. 1 propose, 
therefore, to use the new names under which I shall describe the 
two new fossils at the end of this paper, in order to facilitate 
the discussion that must take place before those descriptions can 
be properly given. 
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Specimen No. 107a is to be made the type of a new genus and 
species, Dnn&taniopais triaaaicaf n.g. et sp., while specimen No. 
147 will also be the type of a new genus and species, Fnradun- 
atania affinia^ n.g. et sp. All these are evidently members of 
the same family, DnnataniidtP^ the venational diiferenees being, 
at the most, only of generic value. 

In discussing the venation of the Z^imN^anucfo!, we shall make 
use of the most complete specimen, Duuaiimiopaia triaaaica^ n.g. 
et sp., supplemented liy the type of the family, Dnnatanui 
pulehra Till. It will be necessary to compare the venation on 
the coriuin of the former with the tracheation to be found on the 
same area of the hemel 3 Ttra of recent Hetorrtptera. Uiifortu 
natidy, few reliable figures of the latter are available 1 have 
selected as the most suitable for our purpose the excellent figure 
of the tracheation of the nyraphal fore wing of (family 

Coreid(p) given by Handlirsch (1, Atlas, Pi, vii, fig.3). It is 
not necessary to figure the corresponding venation in the imago, 
as it only differs from that of the nymph in the greater differ¬ 
entiation lietwceu corium and membrane, the dividing line 
becoming a complete whole, and effectually concealing the coii- 
nei^tions between the veins on the corium and those on the mem* 
brane. Consequently, such an archaic type as Du7i8taHiop$ta is 
more closely comparable with the tracheation of the nyniphal 
wing of Syromaatea than with the venation of the imaginal wing. 



Text-fig. 17. 

TraoheaUon of forewing of nymph of SyromaaUa sp.; ( x 8). After Hand- 
Unoh. For lettering, see p.6^. 

Text-fig. 17 shows the tracheation of the nymphal wing in 
SyromO^tw, The wing oonsiste of a hard ooriaoeoas basal half, 


or R. J. TILLTARD. 


577 


caller] tliecormm (co), and a softer membranous distal half, called 
the m 0 m 6 )'an« (m). These are separated by the dividing fttifl, 
runnitig somewhat obliquely across the wing from the node (n) 
on the costa to the aniincxU {n*) on the dorsum. Posterior to 
the corium is a narrow projecting anal area, known as the clavus 
(cl). Around the membrane is a complete coriaeeouB border 
such 08 we have already noticed very prominently in the type- 
specimen of Dunetnnia. 



Texfr-fig. IH, 

Henielytrun of Dmietauiopma iHamcOj n.g. et b|).; ( x2'8). Upper 
TriasHio* Ipswich, Q. For lettering, see p.502. 


Turning next to (Text-fig. 18) we see that the 

node is more prominent, but that the dividing line is, on the 
whole, not so clearly marked, and its course is far more irregular. 
This line also rims more transversely across the wing in Jhin- 
ttaniopeii than in SgrontMies; but, in many recent Heteroptera, 
especially in the family Pentatomidaij it takes a similar trans¬ 
verse course, though much straighter tlian in Dun»laniop$i$, A 
further point of difference is that no true claval area can be seen 
in Dun$tauiopnis, But, as the extreme base of the wing is not 
preserved, there may well have been a short clavus present on 
the lost part. 

Turning next to the venation, we notice that, in Syromastes^ 
the corium is crossed by four longitudinal veins, not counting 
the analis, which borders the clavus anteriorly. By reference 
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to tbe precedetit tracheation, tliese veins are shown to be the 
subcosta, radius, media, and cubitus respectively. As in most 
Heteroptera, the sul>cofltal trachea lies closi* up to the costal 
border; in the imago, the subcostal vein becomes more or less 
fused with this bonier. The radius and media are fused for 
some distance from their bases, and then diverge gradually at an 
acute angle. The cubitus is a separate vein, lying about half¬ 
way between the media and analis 

Having made the above comparison with Syromasies^ it now 
becomes an easy task to name the radius, media, and cubitus in 
the corium of Dunatanxopsis, This is shown in Text-fig. 18. 
Owing, however, to the bad state of preservation, in this fossil, 
of the dividing line between corium and membrane, we cannot 
proceed to name the numerous veins in the latter area with any 
certainty. Here, however, we may fall back upon the type- 
specimen of Dunatania^ in which there is just enough of the 
corium preserved to enable us to make the necessary connections. 

In my original description of Dunatania^ I paid little atten¬ 
tion to this part of the wing, believing it to represent only a 
small flattened-out portion of the thorax of the insect. I now 
give, in Text-fig. 19, a careful drawing of the region of the node 
and dividing line in this fossil. From the figure of D^MBiani- 
opaia^ it will be seen that R and M, after diverging from one 
another in the middle of the corium^ again begin to converge, 
and are then unfortunately lost in a break in the rock-surface. 
In DtM^tania^ however, we are able to pick up these two veins 
as they approach the dividing line. R is seen to be just dividing 
into R| and Rs, while M converges towards tbe latter as a stout 
vein from below. Sc is fused with the costa, as in ZHivu/anto/iats. 
Between Bo and R there are a number of oblique ribs, half fused 
into the corium; these can also bo seen in Dunaianiopaia^ further 
basad along the same area. 

Just before the level of the node, Rs turns upwards, and 
partially fuses with Rj. From the combined stem thus formed, 
three branches pass out into the membrane, viz., R„ and Rs. 5 . 
Of these, R, is a short vein lying close alongside the costal 
margin, and supporting it from below; it ends up at about one- 
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third of the length of the momhrane, upon the costal margin, 
'rhe second branch, R,, is a longer, gracefully curved vein, 
run wing below Rj and parallel to the costal margin for most of 

its length, and finally 
curving up to meet tlie 
margin at al>out two- 
thirds of the length of 
the membrane. The last 
branch, R^j, gives off R„ 
close to its base, and im¬ 
mediately after divides 
into R 4 and Kq. R, passes 
in a gentle curve l^encath 
K. 4 , and ends up just 
above the apex of the 
wing. R 4 and R 0 meet 
again(in Dumtania oik\y) 
beyond the middle of the 
membrane,and from there 
on continue straight to 
the termen as a single 
vein Ri 4 . 5 . In Dunstan- 
iop»i 9 ^ is a single unbroken vein from its origin to its 

termination. 

Returning to the corium of Vumlania (Text'ffg.l9 and Plate 
lix., fig.l 5 ), wc can pick up M converging towards K os it ap¬ 
proaches the membrane. On the dividing line, it is connected 
with R by a short, stout cross-vein, forming portion of the 
dividing line itself. From the swollen root of M upon the 
dividing line, two branches pass out into the membrane. Of 
these, the upper, M|, arches gently upwards, so as to approach 
close to R 34 , and is connected with Rb, just distad from its origin, 
by a short cross-vein. Thence onward, M, runs with a slight 
double curving to the termen. The lower branch, Mg^i, almost 

' * Uegioti of node and dividing line in hemelytruii of Dtuittfania pitifhnt 
Till, showing the small anterior portion of the corium pi-eserved in the 
fossil; (X 7'5). Upper Triassic, Ipswich, y. 
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immediately divides into two; of these, the upper, Mg, runs to 
the termen on a similar course to that of M^, but well l>e]ow it; 
while the lower branch, Mg, diverges from Mg for some distance, 
until it gives oif n liaclcwardly descending vein, whose destina¬ 
tion cannot bo followed out in Bungtaiiia; at this point, My is 
lient at a very oblique angle, and passes on probably to near the 
toriius of the wing. 

From the base of My, in Dumtania^ a very weakly indicated 
vein, My, can be made out, passing downwards, about midway 
between My and the dividing line; it can be seen to be con 
verging towards the cross-vein mentioned in the preceding para¬ 
graph; but the fracture of the mck hides its further course from 
our view. 

In order to follow out the further structure of the wing, pos- 
teriad lo the region of M, we must now turn again to Dujutiait- 
topsts (Text-fig.l8), in which most of this part of tlie wing is 
fairly well preserved. In this genus, we can easily pick up the 
cubitus, running with a gentle curve upon the coriurn, well below 
M, In S^rofnasieM^ we see that M and Cu are connected by a 
short cross-vein, not far from the dividing line In Dunstan- 
i(fpais^ Cu gives off an oblique anterior branch, which approaches 
closely to two oblique posterior branches given off by M at about 
the same level; these two branches of M unite c^ise to the 
dividing line, at a point where the branch from Cu lie' Very close 
below them. Here there is a break in the rock-surfa'^^ hut we 
can pick up, on the other side of the break, a single ^^ak vein 
curving into My. This is evidently the prolongati^i' ^ of the 
united branches from M and Cu. 

Turning now to the main stem of Cu, we can folio# it, in 
Duna/aniopaia, up to the dividing line between coriurn and 
membrane, where it gives off an oblique anterior branch, Cu,.; 
this branch meets My, the weak vein already mentioned as de¬ 
scending from the base of My. At the angle formed by these 
two, which is almost a right angle in Dunatantopaia, a third vein 
conies in from the membrane; following this distad, we sed that 
it arises from My, which, in this genus, is a straight vein runlning 
to near the tomus of the wing,' 
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We can now complete this part of the wing in Du7utia7hia. 
The flescending vein from Mj must be tlie hoinologue of the 
corresponding vein in /Junitaniopaig, the only difference is in 
the angle of departure from M 3 On this difference, as well as 
upon its more numerous and slightly more divergent veins, we 
see at once that Dunstania had a broader and shorter membrane 
than Dunataniopais* 

Following the main stem of Cu, which I call Ou,h, across the 
dividing line in Dit^ialaniopaia^ we see that it continues in a 
gentle curve, until it ends up on ilie dorsum of the wing, not far 
from the tornus Below Cuit»« another branch of Cu, Cu,., arises 
on the dividing lino, and passes into the membrane as a curved 
vein running to the dorsum below Cuj. 

The dividing lino hereabouts is not well preserved, but its 
ending up on the dorsum can be just made out. The division 
between corium and membrane is clearly noticeable in the fossil 
on account of the difference between the colour of the rock and 
the fossil itself. The former is a dark grey; the latter a pale 
brown, 'fhe whole of the corium is coloured pale brown, and is 
flat and smooth. The membrane, on the other hand, is vari 
coloured, showing pale veins bordered by narrow bauds of dark- 
brown pigment, and, l>etween these, areas of tlie darker rock- 
colour on those parts where no veins are present. Also, the 
membrane is lightly pitted all over, whereas the curium is quite 
smooth in this genus. 

Hufficient wij) now have been said to make it abundantly clear 
that we have, in Dunatania and its allied genera, a primitive 
type ot fleteropteron, of large sixe, and very proliably of ampin 
biotic liabits. From recent Heteroptora, such as the Lyycaidfc 
and Pyn fwcorid<By in wliicb some of the venation is still pre¬ 
served upon the corium, the DunaiwiixdtB differ in tfiu iiicoui’ 
pleteness and tortuosity of the dividing line l>etween corium and 
ineiubraiie; and tliey show us how the anterior portion of this 
dividing line has been evolved, apparently in a most complicated 
manner, from a series of cross-veins and branches of main-veins 
Jinking up at different angles. The process by which the straight 
division between corium and membrane, found in most recent 
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Heteroptera, has been evolved from the stage seen in the Dim 
staniida^ is simply one of reduction and alignment of parts. 
When it is completed, as in recent PeniaUmidf^^ the clue to the 
venation of the inembraiie would he quite lost, were it nut for 
the preservation of the tracheie in the iiymphal wing. T have 
not been able to find a single existing type of Hetcroptcron in 
which this venation is at all closely comparable with that of 
Dfiusianin. Tn tlie aquatic forms, especially, there does not 
seem to be any clue at all. Judging chiefly by the shape of the 
wing, and the condition of the venation of the corium, T am 
inclined to regard the Coretda, Lygmdtrf and Pyrrhocoridee as 
the nearest relatives of the BuuHtanitdft* at the present day. 
These three families, and no doubt also the Pentaiotnidity may 
well lie almost in a direct line of descent fmm the Dunslaniidai, 
We should have to suppose, in restoring the latter, that the 
development of the scutollum had advanebd very little beyond a 
normal size; and consequently, that the clavus, which, in the 
position of rest, borders the scutellum, was also very short. As 
no anal vein or clavus can he seen in the preserved portion of 
the hemolytroll of DutiBiantopsu, this was almost certainly the 
case. 

In Plate lix., I offer a restoration of the complete 

hemelytron of IhifisianiapuichraTDhy based upon the preserved 
portions of the type and of Dunataniopsia iriaaaica. The poorly 
preserved Pamfunstofita affinia has not been brought into the 
discussion at all, and its only use in the restoration is to indicate 
the course of the wing-liorder below the tornus. 

It now remains for me to revise my original definition of the 
family Du’iisUmiidca in the light of our new knowledge, and to 
give definitions of the type-genus, and of the two new genera 
here proposed, and descriptions of the new species. 

Older HBHIPTBRA. 

Suborder Heteroptava. 

Family DUNSTANIID-®. 

Large bugs, with hemelytra more than 30 mm. long. Hemely¬ 
tron Huboval, about half as wide as long, the corium either 
smooth or lightly pitted (hairy), the membrane pitted (hairy). 
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Veins present on the corium are R, M, and Cu; no clavus visible 
in the preserved portion, but the base of the Mring is incomplete 
posteriorly in all known specimens. Sc fused with costal margin. 
Costa broken lietwcen corium and membrane by a strongly de¬ 
veloped node. Dividing lino between corium and membrane 
crosses the wing from node to antinode in a very irregular 
manner, being formed anteriorly by short cross-veins and por¬ 
tions of main veins, posteriorly by a sinuous line not made up 
of veins On the membrane there are either eight or nine 
longitudinal veins, of which either three or four arise from R, 
tliree from M, and two from Cu; these veins runs distad in a 
slightly diverging manner, K, ending up at or near the apex, and 
Cu, at or near the torims. From M, a downward and back- 
wardly running branch passes to the dividing line, where it 
meets tlie intersection of M 4 and Cu,^. Few cross-veins present 
on membrane. Veins of the membrane pale, generally bordered 
on either side by a band of dark brown pigment. A fairly broad 
border without pits, and probably coriaceous, runs completely 
round tlie membrane. 

Horizon, Upper Trias of Ipswich, Queensland. 

The genera comprised in this family arc Dunsianta ^Till, 
Dfmstoutopsts, n.g,, and l^aradunnULnia^ n.g. 

Key to the known genera of DunJttaniid<p, 

"M 1 uorinrcted with the lowest bianoh t»f R hy a short cross- 
vein, not far diBtad fi*om Uie dividing line. I. 

No oruMB-vein prcHent at thm lewl >)etweeii M, and lowoBl 

I (ranch of R. Paradnustanm^ n.g. 

^Kour hmnulieHof R crossing the mcrtihrane, vi«., K, to R 5 ; R 4 
and R 5 unite a little lioyoiid half-way, fornnng a closed cell 

. 1himU%nm Till. 

b Three biariohcH of K croMsing the membrane, viz, Hg, Kg, and 
the last a single straight vein connected with M, near 
Its origin.n.g. 

UenuH Dunstania Tillyard. 

(Plate lix., and Text-fig.l9). 

Membrane and a very small portion only of the corium pre¬ 
served. Preserved portion of corium distinctly pitted all over, 
Membrane about as broad as long, the apex prominent but grace- 
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fully rounded. Node exceedingly prominent. Bj a weak vein 
fused witli cobial margin from below node up to aiiout one>tliii'd 
the lengtli of the membrane. ending well before the apex, 
U, at the apex itself. Jictween H and M, at the l:>a&e of the 
membrane, a closed cell is formed, bounded by the dividing line 
basally, by anteriorly, by M, posteriorly, and by a hiiort 
cross-vein connecting these two veins distalty. Distally from 
this cell a second closed cell is formed between ]i 4 and 11 ^, these 
two veins at first diverging, and then converging to meet again 
at a point beyond the middle of the membrane. and M, 
united distally for a short distance upon the membrane. The 
hackwardly projecting branch from Mj comes off almost at right 
angles from the niaiii stem. (Best of hemelytrou missing;. 

Genotype, Ihm^tnnia pulehra Till., (S, p.32, and Plate iii., 

ftg.6). 

Genus 1) u M st a N i o Ps i s, ii.g. (Text-fig 18). 

llemelytroij completely preserved except for tlie extreme base 
of the coriiim (including the olavus, if present) and the apical 
portion of the tnenibrane. A longer wing than that of Dun- 
sfama, and narrower in proportion. Differs from DunBtania as 
followbCoriuin smooth, membrane lightly pitted all over. 
Coriaceous liorder narrower and less defined; node somewhat less 
prominent. H 4 ^.b a single straight vein, and itence no closed 
cel) formed lie tween K 4 and Rj,. The Viasal cell completed by 
the presence of the short cross vein between M, and lowest 
branch of K is present, but is much shorter than in Dumiania 
The hackwardly projecting branch fi*otij M, to the junction of 
M, and Cu,» comes off from the iiiain stem at an angle of about 
30*, and runs almost parallel to the posterior border below it. 
On the coriufu, M curves upward distally, converging towards 
R, and giving off posteriorly two branches which unite further 
distad and then meet an anterior branch given off from Cu; this 
latter vein divides at the dividing line into three branches, Guj., 
CU|M and CUg, of wliich the first runs to the intersection of M 4 
and the backward brancli from M,. Gujt, ends up at or near the 
tornus. 

Genotype, DurnttaniopBU h%a$$ii3a^ n.sp. 
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Di;n8Taniop&is triassica, n.sp. (Text-fig. 18), 

Greatest length of fragment, 31‘5 mm.; breadth across the 
dividing tine, 15 5 mm KsUiiiHted total length of liemelytron, 
40 rnni. 

The speeimen is only moderately preserved, and would appear 
to have been much torn distally before it became fossilised, since 
a part of a frond of Thiwnftldia^ iving upon the same rock- 
surface, projects well into the gap where the missing distal por¬ 
tion ought to be, and is embraced on one side by the projecting 
tom costa, without appearing to overlie the wing in any way. 
Also the la^autiful pattern of brown pigmentation 1rx)rdering the 
veins of the membrane, though it can be seen to be present, is 
not by any means so well preserved as in Dumtania, The 
coriuni appears to have Ijeen hard, and is fairly well preserved; 
the veins lying upon it are not so distinct as those u|)on the 
membrane. 

The vonational characters being considered as of either family 
or generic importance, they will be found in full in the de¬ 
finitions given alxive 

Type, Specimen No. 107a, in the tjueenslHrMl Geological 
Survey Collection. 

Genus Paradunstania, ti.g. (Text-fig.20). 

Prtriiun of membrane only preserved, and in very poor condi¬ 
tion. Apparently a benielytron of soiuewimt larger sm* than 
that of Dutisiania, No cross-veins l>asally between Idi and 
lowest branch of K. Cross-veins devclo|>ed not far from dividing 
line between R, and and also lietwcen 11 ^ and i-s* This 
last vein receives a curved branch-vein from above, at about 
the same point as wliere, in Dutisiatiia, R 4 and Rq unite distally; 
but a break in the txick-surface prevents us from determining 
whether this branch is really R 4 or not. At about the same 
level, M, receives a curving branch from above; this branch ap¬ 
pears to come from lii+o, but its origin is not detenninable with 
certainty. Rest of venation similar to that of Ihtu^tania, 

Genotype, FAradunttauia n.sp. 
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pAKADUNSTANfA AFFINI8, Il.sp. (Tcxt fig.20). 

Cjmntost of fragment, 17niin. ; greatest breadth, 

14'5iiJin. A very poorly preserved spcciineii, with very little 
traee of the brown pig¬ 
mentation bordering the 
veins. A large and deep 
triangular break has cut 
out a considerable por' 
tion of the courses of all 
the branches of R; the 
rest of the veins present 
can be traced out by the 
use of careful lighting. 

This specimen appears 
to repreRont a lieniely- 
tron intermediate in 
size between tbat of Dmintania pulchra Till., and the much 
larger lieiiielytron of l)umianwp$u triasaicay ti.g. et sp. Tn 
shape, also, it was probably intermediate between these two. 

y p Specimen No. 147, in the Queensland Geological Survey 
Collection. 



Note the Origin of the lleteroptera, 

Tn dealing with the phylogeny of the Order Hemiptera, Uand- 
lirHeh(l, pp.l244-1249) rightly insists upon the clear-cut dicho¬ 
tomy between the two Suborders Eleteroptera and Homoptera. 
Neither of these two Suborders can be derived from the other; 
for, on the one band, the Homoptera have preserved the mure 
primitive wing-form and venation, while, on the other, the 
Heteroptera have preserved the more archaic form of the head 
and antennie. As the direct ancestors of both these recent Sub¬ 
orders, Handlirsch indicates some known Hemipterous fossils of 
the Upper Permian and Lias of the Northern Hemisphere, which 
he places in a distinct Order, Falieohemiptera, on the ground 
that it is not possible to demonstrate that they are definitely 
either Heteropterous or Homopterous. The Falieohemiptera he 

* n.g. et sp.; ( a 2*8). Upper Ttiassio, Ipswloh, Q. 
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would, in turn, derive from the liOwer Penman fossil ^eiiiis 
wlneli lie places in a third Order, Proiohemipteru. 

Had it not l>een for the prcaorration of its mouth-parts, which 
form a primitive elongated sucking lieak, Eugrreon would never 
liBve been considered to have any relationship whatever witli 
the Hemiptera. It was a huge insect, with primitive densely 
veined wings that were held out a^ay from the body, the pro¬ 
thorax had lateral expansions suggestive of rudimentary wings, 
as in the case of some of the Carboniferous fossils. Apart from 
the dense venation, it is not {xissible to establish any close re¬ 
lationship lietwecn the venational plan of EuyerrMt and tliat of 
primitive Hemiptera; although it might be admitted that such 
a connection may possibly have actually taken plaice in the 
course of evolution, lie tween Eugereon and the most densely 
veined types of Fvlgoridnt., if the venation of the former had 
undergone a great deal of reduction and fusion of parts. 'Fhat 
being so, it seems to me that the Protohemiptera are best re¬ 
garded as a separate Order lying right off the main line of debcent 
of the Hemiptera proper; the connection between the two being 
only establishable through a lost Carboniferous ancestor common 
to both. 

The PaliBohemiptera, on the other hand, are so obviously 
Hemiptera, tliat tiicro seems to be no point at all in erecting a 
separate Order to contain them. Most of the Liassic fossils 
known are, in fact, definitely placed within the Homoptcra by 
Haudlirsch; and it is quite evident that they rightly belong 
there. Only the genus Dynnhorphoptila Brodie, is retained within 
tho Paiieohemiptera; and, as this is probably a fragment, wc 
may disregard it. Turning to the Permian fossils, wo find two 
beautifully preserved wings, Seyti'mpte^'a kokmi Handl., and 
Pro$M€ hirButa Koken, which are placed together in the Order 
Paiieohemiptera. The former, I would regard definitely as an 
Hoinopterou; the latter most certainly combines the wing-char- 
aoters of both Heteroptera and Hoiooptera, and could not well 
be placed in either Suliorder without disregarding its evident 
atfinity to the other. I propose, therefore, to sink Handlirsch's 
Order Falfleohemiptera to the status of a Suborder within the 
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Order Hcraipterii, this HiilxirrJer representing the original main 
stem of the Order, while the Heteroptera and Homoptera repre¬ 
sent two distinct branches evnlired from it. 

Let us now compare (Text^tig.S]) with the restored 

wing of Dnnatania^ with u view to the establishment of a more 
complete phylogeny of tlie Heteroptera 



/*ro^io/c hir^uta Kokeit, heinelyinm, after Handhrsoh; ( x2 lU 
Uppei- Pei iiiian, Kama KiiBHia; ?*, node. 

We notice, at once, that Dumiania is much more definitely 
Hetoropterous, in that it shows the distinclioti lieiween corium 
and membrane much more plainly tlian Proahole does. More¬ 
over, the corium of ProaMa is strongly pitted, while the mem¬ 
brane is smooth. Tn Dunaiania^ iK>th are strongly pitted, while, 
in Dunsfaniopsiii, the corium is smooth and the membrane 
pitted. If, tlien, these genera had a common ancestor, it must 
have had a wing pitted all over, such as we find still preserved 
in many Homoptera. Tn most recent forms, the pits are swollen 
into tijl>erclc8, and no longer carry hairs; but there can be little 
doubt, from the nature of the pits in Dunatania^ that, originally 
at any rate, they were the bases of insertion of macrotrichia. 
As we have already seen in the Protoiiiecoptera, the macrotrichia 
were originally carried upon a dense meshwork of veinlets all 
over the wing. If, then, the wings of the Protohemiptera were 
also hairy, we are led to suggest that the true Hemiptera 


nV R. J. TIMAAHD. 


S89 


diverged from them hy a reduction of tlie original mesh work, in 
the course of which the pits, or l>aseB of insertion for the macriv 
trichia, became seated upon the membrane of tlie just as, 

in the Lepidoptera, the scales have appeared in a similar manner. 

Tlie original f)itted wing of the true lleiniptera may Iks con¬ 
sidered to have given origin directly to the various wing-typos 
still extant umengst the older families of recent Homoptera; the 
main dcvelupinents in this latter Suborder are not to bo found in 
the wing at all, but in the specialisation of the head and antenna*, 
and in the development of the power of leaping. In this con¬ 
nection, we should hour in mind that a number of Homoptera, 
espe<*iany in the Ctcadidn^y still show the dividing line between 
corium and nicnibraiio. 

We have now to consider the origin of the Heteroptera. For 
tins, we cannot take ProtthoU itself as a starting point; but we 
must gi) back a little way beyond this type, and assume a closely 
similar ancestral form with a wing pitted all over. Keeping the 
main scheme of venation unaltered, we may now see the origin 
of the Heteroptera in a form in which the tendency of evolution 
in the basal half of the wing was towards suppi'esgton of the 
venation and hardening of the wing-memV>rane (with or without 
loss of the pits;, while, in the distal half of the wing, the cross- 
veins of dense Fiilgorid like venation still preserved in ProahoU 
become obsolete, and the remaining venation becomes greatly 
altered, in correlation with the differentiation of tlie dividing 
line between conuin and membrane. 

1 think that a very little consideration, aided by u comparison 
of tlie figures of J*roaMe and I>ufutlania here given, must con¬ 
vince us that Dunutania represents a very typical immediate 
derivative from the hypothetical ancestor oiProaboU^ from which 
we started in the preceding paragmph, along the lines there 
indicated as leading directly to the Heteropterous type. That 
is to say, Dwiatania^ though not directly derivable from Proa^ 
bola^ is nevertheless closely related to it; but, while ProtWe 
itself cannot be accepted as having advanced along the line of 
the true Heteroptera, and must, therefore, be kept in a separate 
Suborder Palieohemiptera, DunaUmia^ on the other band, has 
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advanced far enough to be conRiclered a ileOnite Heteropteron 
of a primitive type. 

Let UB now consider the very interesting question of the 
evolution of the dividing line between coriutn and membrane in 
the Suborder Heteroptera. D%vi\%ian%a shows us this line in an 
exceedingly primitive condition. From it, we see that its 
anterior portion was originally composeil of cither branches of 
main veins, or cross-veins. But, as the main veins are all pro¬ 
ceeding more or less distad, it is, therefore, inevitable that these 
various parts should meet at different angles, as we see so de 
finitely shown in Jhm»Umia, 

The parts of the dividing line may be shown as follows, start¬ 
ing from the node or costal end (see Plate lix., fig. 15, and Text- 
figs 18-19):— 

A. Anterior Division, formed from cross-veins and branches 
of main veins; 

1. The node^ formed from the fused C and Sc. 

2. Radial portion, formed from short parts of K, and R^, 

partially fused together. 

3. A short cross-vein connecting the radial portion with the 

median portion. 

4. Median portion, consisting of a swollen root on M, from 

which the three branches of M are given off. 

B. Posterior Division, consisting of a sinuous line crossing the 
wing more or less transversely, and not carrying either cross¬ 
veins or parts of mam veins: 

5. Medio-cubital portion, from the swollen root of M to Ou; 

the curvature this part is concave to the coriuni. 

6 . Cubito-anal portion, from Cu to the antinode; the curva¬ 

ture of this part is slightly convex to the coriuro. 

In the evolution of such a type as a recent Lygaeid or Penta- 
tomid Bug, all these diverse parts have to become aligned and 
fused into one harmonious whole. Probably a careful study of 
existing typesamongst the Heteroptera would reveal many traces 
of the method by which this change has been brought about. 

The other point of outstanding interest iu the evolution of the 
Heteropterotts hemelytron is the dj^velopment of the clavus, 
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which is correlated with the gniwtli of the ecutelluni. We are 
bound to assume that, ni the original lleniiptera, the scutelluni 
was of more noriiml size than it now is; and, consequently, tlie 
wings were not so completely folded over one another distally as 
they now arc. In fact, we have to start from the normal type 
of Hcutellum and the r(K)Mike position of holding the wings, still 
to l>e found in many Homoptera of tlie present day. Kroni this, 
a gradual enlargement of the scutellum, together with a close 
folding-down of the wings upon one another, leads us to the 
condition found in recent Heteroptera. Here the divicling line 
marks the limit of the portions of the wing that are folded upon 
one another; while the anal area, or clavus, borders the two pos¬ 
terior sides of the large triangular scutellum. Thus we have to 
correlate the length of the clavus with the size of the scutellum, 
the tendency being towards enlargement as evolution progresses. 
Since, in Dii^mtaniopsUt there is no trace of a clavus in the pre^ 
served part of the wing, and the same is 
true of Ftosbole^ we have to conclude that 
both these forms liod only a small or moder¬ 
ate sized scutellum,.bordered by a corres¬ 
pondingly short clavus, or even, perhaps, 
by scarcely any claval area at all. 

As soon as the overlapping of tlie two 
distal parts of the wing, or membranes, has 
l>een brought about, it will be clear that 
these two parts will in future act (while 
the insect is at rest) as one only; whereas 
the coria of the two wings remain separate. 

There will, therefore, bo little tendency 
towards the thickening of the membrane 
at all, and the heteroptery” might be expected advance 
more quickly than ever. The line of evolution would then 
culminate in forma having a thick corium, from which all traces 

^ Diagi’ani of a Shield-bug, family PtiUcUwniih^^ to show the five parts 
of Uie HhiekI, viz., 1, the pronotum, pii; 2, tlie scutellum, mc; 3 and 4, the 
right and Left oona, co; and 0, the two completely overlapping membranes, 
mb. The olavns, c/, borders the scutellum on either side. 
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of venation bad been eliminated, and a thin membrane, in which 
the veins were arranged more or less parallel to one another and 
to the wing-border. Probably the highest point reached by this 
line of evolution to-day is to be seen in the dominant family 
Pentatomid(9*, in which the shield-shaped or “cut into-hve'' ap- 
|)earanco of the insect becomes perfected, and is often enhanced 
by bizarre sculpture and brilliant colouration. Text-fig.22 shows 
the outline of sucli an insect, with the five separate areas of the 
shield-design named. 
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KXPLANATION OF PLATE *LIX. 

Fig. 15.—Keatoration of right heinelytron (forewing) of Ihinutania pulvhra 
Till., baaed upon the preserved portions of this fossil and of the 
allied /rtoss/ea, ii.g. et sp.; ( x 5), 

LHtering of Ttri-fiyurtn, 

A, analis—C, costa coriaceous border—c/, olavus—ro, oonuni— 

Ou, ottbitiis; OuiM Ouib, Cu«, its branches on the membrane—morntfi, 
membrane—M, media; M, to M^, its branches on the membrane—n, luxle 
—n', antinode—pn, pFonotuni—R, radius; R, to R|, its branches on the 
membrane—Rs, mlial sector scutellum—Sc, subcosta. 



593 


THE GEOLOGY ANO PETROLOGY OF THE GREAT 
SERPENTINE BELT OF NEW SOUTH WALES. 

Part viii. Tiik Extknhion ok thk Gukat Srrfkntink Bi?t/r 

PROM THR NuNDF.K DlSTRUiT TO THK CoAST. 

Ry W. N. Bknson, R.A., O.Sc., F.G.S., Phopkssou of GKOLocn 

AND MiNKKALOOY IN TUB UnIVKHSITY OK ()TA(iO, N.Z., LATK 
LiNNKAN MaCLKAY FrDIAFW OK TUB SociKTY IN Gkolooy. 

(With one Toxt-ft^ifur(‘). 

The prcviuuH parts puhlislied liavtMlpseriherl, in greater or less 
detail, the whole (»f the eoiintry along tin* Ser[>e!)tinc l^olt, ex¬ 
tending from Warialda to Hanging Hock, a distance of nearly 
150 miles. Some facts, however, have been c<illected with regatxl 
to the further extension of the Belt, which may he wot thy of 
recunl before this series of papers is concluded. 

Somewhat to tlie west of the Serpentine-line, and about twelve 
iniloB south of Nuiidle, commences, on Wombraniurra Creek, one 
of the largest mosses of limestone in the State, which mass con¬ 
tinues for some miles across the Main Divide, at Crawney Pass, 
into the head of the Isis Hiver* This has, as yet, been little 
studied. It was briefly described by Phillips, in 1876(1). Mr. 
Etheridge described a new coral therefrom, in 1898(2); and Mr. 
Dun, two years later, determined a large collection of fossils ol^ 
tained by Mr. Cullen(8). It was visited by the writer in 1910, 
and has recently been studied by Mr. Came, and is to he de¬ 
scribed in his forthcoming account of the limestones of New 
South Walesd). Very little is known of its stratigraphical re¬ 
lationships to the other Devonian rocks; it seems to occur among 
a series of banded claystones like those of the upper portion of 
the Tamworth Series, or even of the fiarraba Series, though, as 
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pointed out in pravious papers, the lithology of the Tamworth 
Herics is not very constant, and the cherty facies is more marked 



in the Tamworth-Nundle region than elsewhere. The following 
fossils were found to be present in this limestone, the letters M., 
and N. indicating whether the forms are also present in the 
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Moore Gr^ek, Loomberah, or Neraingba horizons respectively. 


Favoaiten gothlandica ... 

M., N. 

F. hasalixca var. moonbxemia ... 

N. 

F. Bolebroaa . 

M., N. 

F, muliiiabulata 

Ml, L., N. 

A 8trornatoporoid 

M., L., N. 

Diphyphyllum porteri... 

M., L., N. 

D. sp.nov. 


*Sanidophyllum davidia 

M., K. (rare). 

l^ryfdaamd^ sp.nov. 

N.1 

* Spongophytlnm gigantaxim 

M. 

* A ctinoeyatia cornu bovia 

M. 

CyaAophyllum sp* 

L.1 

CyaUpkyllwn auafralaaicum ... 

r..t 

* iVicroplaama paralUlnm 

M. 

Haliolitca poroaa 

M., L., N. (rare). 

^Syringopora auloporoitUa 

M. 

TAtophyllnm konincki . 

M., L., N. 

AlneMieaap . 

M.t, N.t 

Endopkyllum achluetari. 


Atrypa sp. 

M.?, N.? 

EuomjAalua sp. . 

M.? 


The association of tlie species marked with an asterisk, and 
the abundance of HdioliteB are features very characteristic of 
the Moora Creek limestone, with which the great development 
of pure grey or white limestone also accords. The absence of 
the great abundance of Stromatoporoids, or Fentameroid shells, 
or of the signs of shallow water, distinguishes this from the 
Loomberah Limestone; and the want of association with frag¬ 
mental igneous rocks, or with banded cherts, separates it from 
the Nemingha Limestone. It seems permissible, therefore, to 
correlate it with the Moore Creek Limestone. 

East from here, across the Main Divide, the Serpentine Belt 
extends across the headwaters of the Manning River, through 
extremely rugged and broken country. It is the deeply dissected 
remnant of a plateau, over which extends a widespread series of 
more or less alkaline basic rocks, which were described by Mr. 
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Andrews, at the hearl of the Hunter and Manning Rivers, ns 
Ixsing of two types, “one, a hoIocr 3 'sta]line rock witli large augite 
crystals so abundantly scattered throughout its mass as to obtain 
for it locally the name of 'plum-pudding stone.’ Other types 
found there are dense, fine-grained, vesicular olivine-basalts”(B). 
The writer has shown that, among these, are to be found 
various types of basalt, basanite, doleritc, essexito, teschenite, 
and theralite, with sometimes an abundance of nephe1ine(6, 7). 
Indeed, there is an assemblage of basic rocks quite analogous to 
those of the Boliomian Mittelgebirge, which Becke described as 
a typical instance of an assemblage of Atlantic rocks. The 
shapely cone of Wotnbramurra Peak, a few miles east of the 
Pass, was not visited by the writer, but is very analogous to the 
conical Gragiii Peak near Dclungra, Wan aid a, which Mr. Came 
believes to l)e a centre of intrusion, and in which Mr. Card found 
oliviiie-dolerite. Mount Jellore, near Mittagong, MO miles »S.W. 
of Sydney, may possibly be of a like nature. 

Herpentine occurs on this lino at the Harry, at the head of tlio 
]3arnard River, twelve miles distant from Nuiidle, and was hei’e 
observed by Mr. Andrews, who remarked on the association with 
it of “diorites and basic rock-types,’’ probably dolerites, and 
spilites (8). Mr. Longrigan, of the Barry, informed the writer 
of the occurrence of limestone ea8t(?) of the serpentine on his 
property; and Mr. Stonier records the finding of FavosUes in 
limestone on the Pigna Barney River, two miles above its junc¬ 
tion with the Manning (9). Serpentine occurs again at Glenrock, 
some twenty-five miles south-east of Nundle(8), and local pros¬ 
pectors say that it is also present at the old “ Folly Fogal ” 
Diggings, which ai*e not marked on any map, but are stated to 
1)6 sixty miles east from Scone, and forty south-east of Nundlo. 
An analysis of chromite obtained from here has been recorded (10). 
This must be near the Curracal)ack River, which is crossed by 
the serpentine (8). 

North-east from this line, serpentine has been recorded from 
Nowendoc(81, doubtless among rocks of the Eastern Series, and 
will ^hus probably be on or near a line extending from the belt 
of serpentine recorded by Stonier (11), which extends from neai* 
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J)uiigowan Creek, at a point aliout six miles south east of Dun- 
go wan township, acraus to the Mulla Creek, east of Moon hi. At 
the south end of this, the writer found antigoritic serpentine, 
an<l various intrusive doleritic rocks. A further northern con¬ 
tinuation of this beyond the Moon hi granite is, perhaps, to be 
seen in the serpentine which occurs (fide D. A. Porter) near Uic 
liead of Moore Creek, from which a nickeliferous opal was ob 
tained(18). 

Further to the 8outli-ea.st, Mr. Sussmilch and the writer(13) 
have observed the occurrence of serpentine at Mi. George, 
on t)ie Manning River, and liave remarked on the presence 
of the same rock at Glen Lewis, five miles to the north of 
this spot, and at Bow Bow near Tiiionee, south of the Manning 
River, twelve miles to the south-east of the la-st-ineritioned oc¬ 
currence. Tins last record, we owe to Mr. Card, who received 
specimens therefrom. Between this group of intrusions of ser¬ 
pentine and Gloucester, to the soutli-west, tliere is a great de 
velopmentof Middle and Upper Devonian and I<ower Carlioni- 
ferous rocks, extremely like those in the areas to the north, 
described in the preceding parts of this series. The strike is 
generally N,W.-S.K , with a S.W. dip. In the Middle Devonian 
l)cds there is an immense developincni of spilite with pillow- 
structure, rising to form Kangat Mountain. The geology is 
further complicated by the prasence of an irifaulted outlier of 
Periiio-Carboiiiferous rrjcks, perhaps analogous to that recorded 
from the Nundle district(14). What exactly is the relationship 
of this district to those further to the north, has yet to be dis¬ 
covered. It lies ratlier too far to the east to be in the dii*ect 
continuation of the main Berpeiitiiie-line, unless (as is qOite pos¬ 
sible) the direction of that line has been bent to the K.iS.E. in 
the Manning River valley. In tlie absence of such a deflection, 
it may be suggested that the George Town serpentine is a con¬ 
tinuation of the Mulla-Nowendoc line of intrusions, and that 
the southerly continuation of the main 8erpentine-line is indi¬ 
cated by the serpentine and chromite, which occurs near Barring- 
ton(16), and the serpentine recorded by Mr. Andi*ews, on the 
Myall River(8). If this be so, however, the Carboniferous and 
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Devonian rocks of this region are so remarkably little altered, 
for rocks east of the main yerpentiiie<Hne, as to indicate some¬ 
what different conditions from those whicli have prevailed in 
the districts north of Nuridle. In either case, it is probable 
that the Serpentine-line will eventually be traced from Nundle 
down to the coast, thus adding another hundred miles to the 
hundred and fifty already mapped, and thus forming one of the 
most continuous structural lines in the State. 

A few words may be given with respect to the serpentines of 
Fort Macquarie, which were described by Mr. Carne(16). In 
this region, the predominant strike is to the N .N .E. It has been 
suggested that the serpentines here lie on tlie same line as those 
of the Great Herpentine Belt, which has swung round from the 
S S.E. to the 8.E., and eventually into the N.N.E direction, 
and thence swings further round to include the serpentines of 
the Clarence River, recorded by Professor David and others(17). 
The Borpentiue-line, on this hypothesis, forms a discontinuous 
ring about the strongly compressed Permo-Carboniferous rocks 
and the great granitic masses of north-eastern New Houth 
Wale8(18). The writer lias pointed out, however, that the pre¬ 
sence of a N.W. to N.N.W. strike so close to the coast as the 
Gloucester District renders this suggestion improbable, and in¬ 
dicates rather that the Port Macquarie N.N.E. line of strike is 
more likely to be on a virgation passing off from the main N.N. W. 
direction. Several such virgations have been noted between 
Bingara and Nundle, notably at Mutidowey on the Namoi 
River(19), though they have not been traced into a greater 
divergence from the main direction than a N.-S. line of strike. 
Such an hypothesis, however,involves a much simpler distribution 
of folding-forces than that necessary to explain the discontinu¬ 
ous ring of intrusions, though the latter would not be entirely 
without analogies. A oomparisOn, though an extremely strained 
one, might be made with the discontinuous line of serpentine- 
intrusions around the Central Granite of the Austrian Tyrol, but 
it is very doubtful whether such a comparison would indicate 
any real analogy, so diverse are the other featuras in the two 
areas (see M). 



11Y W. S. IIKNSON. 
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THE HTEMS OF OLIMBINCJ PLANTS. 

By John Shihlky, I) Sr., and C. A. Lambrkt. 

(Plates lx.-lxvi.). 

In botanical excursions with the Field Naturalists’ Club or 
Royal Society, it has been a constant source of interest that 
climbing; plants of the Orders BignoniacesD and Menispermacea^ 
could bo partly determined by studying the cut ends of their 
stems. This determination extended only to the Order, and not 
io the genus or species. Tn Bignoniaceie, the determining factor 
was the arrangement of the tiast in four masses, or in multiples 
of four, each mass usually presenting rectangular outlines in 
transverse section. Tu Menisperniaceie, the rays of wood and 
bast have usually a stellate ari'angemeiit, the \ascular bundles 
being separated by broad, niultiseriate medullaiy rays, which, in 
transverse sections of the stem, appear club'Shaped from dilatiim 
of tbe iast'fornied cells. 

To test whether similar peculiarities marked the structure of 
climbing plants of other Orders, some'llfty>three stems were 
sectioneci, and their slides photographed by my colleague, Mr. 
C. A. Lambert. 

JjiBl q/'tSpeeiea examined, 

Acantiiacrjb.— 7’AtmAer^ta ^randijhf^a Uoxb., 7'. laurifolia 
Lindl. 

AHPBUDRjB.— Vxtu hypoglauca F.v.M., Y, opaca F.v.M., T. 
siercul^olia F.v.M. 

Apocynaoka.— B^nnumtia yrandijlat'a Wall., Meloditm^ och- 
tijhru$ F.v.M., Tra^helospermum jwmiwidtB'Lindi. 

Abcdkpkdiacrab.— ynmdijlora R.Br. 

fiiG5ONlAGKJB.»ilti{0nocaZyt»fna nt^tefum Mart., Biynoaiajlori- 
&utKfa H.B.A K., jS piiiia Lindl., B, Tweediaxta Lindl., B. venutta 
Ker, Teeotna Hillii F.v.M., T,jaminoidei Lindl. 
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COMBKHTAOBAS.— Qnisquafii( indtca Koxh. 

CoHPOSiTAQ. iamoidea 1)(^ 

(JONVOLVULArK.«. —//jfDM^ra llorafaUlw Hook, 

CuriiuniTArBAB. Bryonia lacivioaa Liim. 

TjKOUminos^:. — il&rw/f precatoriva Linn., Banhtnxa acmidena 
Bui‘in.,( ^ H, corymhoaa Ko\h ), Derria acand^na Bcnth., Latliyrua 
odoratua r^iiin., MiUetia anatralia F.v.M., M, magaapttnmaY.y M , 
Wistaria chinensiH DC. 

Loo A Nl AC — Buddff ia madagaacarievsis V ah 1 . 

MaLPIOHIACB^ -BnnisUria chryaopkyUa Linn., Hiptage J/«- 
dabfota Gturin , SfigmaphyUon jafrophtpjohnm J uss. 

MKNi8PKUMA(:Ka:.— (7rtrr(mta tnnlfisfpaha P\v M , f4sgnephn*a 
Moorii Miers, SUphania herntmdifrfolia Wulp. 

NyctaoinE-K, 'BouyainviUea laM ilia llort., 7/. Sanderiana 
V, varietjala Hort., sjicctahifia Jiiss. 

Passiflokrac.— Pasaijlora auberosa Linn, 

PIPRRACKA5.-- Pipar nig mm r-inn. 

PoLYOONACKJB, — AntigonoH iaptopus Hook. 

11 u Bi AC RJR .' -Cff^Ioapermnm pan kulahtm V\ v. M. 

^OTiANACRiK .—Wendlandit Hook f. 

UKTiCACEA.— Fieua pumila Linn. 

Vkrbenacea.— Fa7*adaya aplendidn F.v.M., Petraa vohibilia 
Linn. 

Aroidbas.^ Mimsiera acM^ni^iata C. Koch, Poihos ain'tfUA 
Linden. 

FlaobllaribjB. —Flagallaria indicu Linn. 

\AL\KCKM,^A»parag7LRracemoa7ia Willd., Qeito^iopleamm cymo- 
AUTO A. Cunn , T^Ai/w^oumto a/Aum H.Br., anairalia ll.Br. 

Orciiidacra.- Galaola caaaythoidea Heichb. 

The study had not proceeded far, when it was seen that any 
grouping in Natural Orders was impossible, as similar character¬ 
istics were common to plants of many different families, especi¬ 
ally among Dicotyledons. It was necessary, therefore, to create 
classes, among which the stems could be distributed, and the 
following are submitted. 
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THK 8TKMH OF OLIMBING PLANTS, 


HhImjIiww i, l)K:orYLKlM)NK.S, 

1. NopmulOS. —Tho stem shows a single cainhium-ring, with 
the wood and hast of each hiindlti lying along the same radius, 
the exterior outlime of the bast approximating to a circle. 
Type, CftloBpei'mum paniculatum P.v.M. 

2. Chiastoxylon. —a single xone of cambium, with anomalous 
distribution of tissues in young .stems into four rays, each of alter 
nating wood and bast, the bast reaching (a) partly to the pith, 
or (6) stopping short of it. Type 2 (a), Rignonnt Twe^diana 
Lind]., 2(6), /L pxcfa Lindl. 

3. Astroxylon. —Normal cambium, with definite and continiv 
ous separation of fihro-vasoular bundles by means of pluriseriate 
medullary rays, tliat pit'sent, in transverse section, a stellate 
arrangement Type, Cavronia muliinepalea F.v.M. 

4. Endophloia. - Hesides the normal bast, a second develop¬ 
ment of hast occurs at the inner margin of the ring of vood, 
forming bicot lateral bundles. Type, Hryonia factfiiosa Linn. 

5. Exooyela Besides the normal cambium-ring, new cam- 
bium-y.onea appear Huccessively in centrifugal order. Type, 
Wistaria rhwensis DC, 

6. Phloloeycla. --New zones of bast produced in each period 
of vegetation in centripetal order. Typo, Vitis glercuU/olta 
F.v.M. 

7. Polyeyela.— The oldest vascular bundles lie in the pith; 
outside tlie pith, a normal zone of wood and hast is formed, or 
alternating rings of wobd and bast may be formed. Type, Bou¬ 
gainvillea epectahihs Hort. 

SiiboluBH ii. MONOOOTYLETX)NRS. 

1. Vulgares.— Possessing the usual rind, hard ground-pareii- 
chytna, and scattered, closed bundles of the ordinary mono- 
cotyledon. 

2. Abaormales> —Differing from the typical monocotyledonous 
stem in one or other of the above peculiarities. 

SubolasBi. mcOTYLEDDKKS. 

1. Nonnal0S. —To this section belong Banuieria chrysojAylla 
L., Ctdoepermum panxe^Uaium F.v.M., Cryptoetegia yrandijtora 
K.Br., Faradaya eplendida F.v.M., Hipiage Madablota Qsertn., 
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AfilleHaauseralis F.v.M., Jf. mrffmperma P.v.M., Senecio tamoidea 
I>0., tSoiamtm JV^endlandti Hook, f., and 7*ecotna Jasminoidee 
JJndl, etc., etc. 

(a.) CcBLoapERMUM PANICULATUM F.v M. (Plate lx., fig.l).— 
Although this stem is normal in having a single ring of cambium, 
and in regard to the formation of secondary wood, the pith pre¬ 
sents peculiarities. It is mode up of two elements; one, the 
ordinary pith-cell, containing starch: and the other, found mainly 
in tho centre of the pith, a thick-walled, sclerotic cell. The 
latter form strands which do not extend to the circumference of 
the pith. They are akin to tlie gum-resin sacs, described by 
Karsten/ in the allied genera, Cinchona and Ladenberyia. 

(6.) MiTiLRTiA AusTUAMs F.V.M. (Plato lx., 6g.*2).—Although 
normal in the development of its cambium-ring, this stem shows 
some special features. The pith is of very largo cells, and, in 
transverse seclioii, these seem to he radially arranged, forming 
conical masses. In the rays, the cells are elongated, and have 
not the usual hexagonal outline. Tho cambium-ring is very 
well defined, and, outside the hast, is a sclerenchymatous ring, 6 
to 8 cells in depth, with intervals in which are inserted a few, 
much larger, thinner-walled cells, evidently a transfusioi^tisauc. 
Sacs containing single crystals abound in the cortex, and others 
with much larger single crystals are scattered through the pith. 

MiLLKTiA HEOABPKUMA F.v.The arrangement of the pith 
is tiornial. The wood-vessels form radial rows, with largo masses 
of mu rally arranged wood-fibres between them. There is a thick 
Bclei*enchyfnatous ring outside the bast, with transfusion-tissue 
at intervals; hut, in this species, the thin-walled cells arc oval, 
and elongated along radii passing through tho transfusion-tissue. 
A second, much narrower, sclerenchymatous ring separates the 
periderm from the cork. The medullary rays differ little, in a 
transverse section from the wood-parenchyma. 

(c.) SoLANUM Wendlandii Ilook. f., (Plate Ixi., fig.3).—The 
central pith is of large cells. Tlie ring of wood is very regular, 
the wood-fibres showing very even ranks, the cells increasing in 
sixe towards their inner lioundary, and gradually merging in 

* Karateu, Die mediu. CUina-niideii Neu-Ureiiailas, Gea. Uoitr., p.382. 



604 
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thoso of the pith. Outsido the bast is a ring of sclorencliymatous 
cells, that apparently acts as an eiulodormis also. The hark 
shows all the usual tissues excellently"phclloderin, phellogcn, 
cork, and epidermis with cutin Scattered, bclet^encliymatous 
elements are found also in the circumferential parts of the pith. 

ChiastoxyloD. 

(o.) Biononia Twkkijiana Lind]., (Flate Jxi, fig 4).- )n trims- 
verse section, the pith is roiigljly scpiare in outline, and a rect¬ 
angular ray of bast strikes the centre of each side of the square 
at right angles or nearly so. From tlio inner end of each bast 
ray, a small cone of wood (protoxylem) penetrates the pith to 
aliout one-sixth of its diameter. Tlic pith-celIs are filled with 
starch-grains. The wood is continuous round the pith, but forms 
a very narrow connecting band at the base of each Imst-ray, near 
the protoxylem-masses already mentioned. The vessels occur in 
V-shapcd liands, which arc ]iiu.st definite near the bast. The 
wood-parenchyma forms irregular, radiate rows. The bavSt-rays 
project into the cortex at their circumferential limit, and pre¬ 
serve their shape as rectangular masses Their bast consists of 
alternating strips of hard and soft liast, the latter of more rows 
of elements. The bast rays are connected by a bust-ring sur¬ 
rounding the four masses of wood, and sliowing alternate strips 
of liard and soft bast, as in tlie rays. There is an incomplete 
circle of sclerenchyina within the phellugen, beyond wliich are 
6-7 tiers of cork-cells bounded by dead bark. 

{ b .) Biononia IMOTA Liudl., (Plate Ixii., fig.o). —The bast forms 
four square masses of five thin layers of hard bast, aliernating 
with five broader layers of soft bast. Where tliese masses occur, 
the wood-tissues have about half their usual depth, and press on 
the central pith, giving it almost a square outline* Tiie catubium 
is thick and definite. It is depressed at each of the bast-patches, 
so that the cambium-ring has a crenulated outline. On a circle 
outside the bast are a number of roughly elliptical masses of 
thick-walled sclerenchyina. A second narrow and almost com¬ 
plete ring of Bclerenchyrna, bounding the cork-cambium, is 
constructed of brick-shaped cells, whose cavities are almost 
obliterated. 
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3. Astroxylon.— Type, Carronia multiskpalka F.v.M., (Plate 
Ixii, fig.6).—The stele consists of a central pith, composed of 
very fine polygonal cells in which a few tliick-wallecl ducts are 
inserted at irregular intervals Of wiKxl and bast, there are 
alxnit thirty 6bro-vascular bundles, each showing six to eight 
large vessels, increasing in size, as usual, from the centre out¬ 
wards. Hordering the pith in each, is a cluster of mainly spiral 
vessels. Each medullary ray is well defined, and shows five to 
eight rows of brick-shaped cells, parting at the circumferential 
end to send, right and left, di%dsiotiH round the separated bundles. 
The bast-rnasscs arc oval and well defined. Tliey are Hanked 
outwardly by older bast-tis.sues, now changed into sclerencliyma, 
to be finally cast off with the outer bark. The chffercnt layers 
of the iiark are well defined, and the pbclloderm assumes a wavy 
outline, parallel to the outward curves of llie various bundles. 

Lighter in colour limn the rest of the stele, the medullary rays 
present a stellate pattern on a freshly cut, transverse section of 
the stem* 

4. Endophlola — Bryonia laciniosa lAnu.,(Plate lxiii.,fig.7). — 
The development of tlie stem is apparently normal, hut the 
vascular bundles are hicoUateral, having hast on iK)tli inner and 
outer faces. The vessels of the xylem are unusually large for a 
young stem in its second year of development. A large pud of 
cork is seen on the side of the stem that ha.s flattened by pressure 
against the supporting plant. Very little pith is to he noted, 
and the cells of the medullary rays are peculiarly large and broad. 
There arc signs of the production of interfascicular hast from 
the sides of vascular bundles 

5. Exocyela.— ^Wistaria ciiinknsis DC., (Plate Ixiii., Hg.8).- 
The medullary rays are exceedingly well defined, usually of 2-6 
rows of radially elongated cells. At their outer extremities, the 
cells, lying in the hast, are of larger size. The cambium-ring is 
also clearly defined, and outside it are 6-8 ranks of thin-walled 
bast-cells. The older bast-cells, pushed out towards the circum¬ 
ference, have most of their cavities obliterated by internal thick¬ 
enings. The phellogen-ring is also well marked, and 3-5 layers 
of dead oells lie outside the cork. Cortex and pith show sacs 
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containing single, lozenge-shaped, octailedra) crystals. The 
remains of a former cambium ring arc seen in the wood about 
one-third of tho distance from pith to cortex. A third cambium- 
ring is seen forming in the bast, from which additional rings of 
xyleiii and phloem will be created. 

6. Phlolocycla.-- ViTiB stekcuupoua F.v.M., (Plate Ixiv., fig, 
9), -The pith appears homogeneous The medullary rays, 2-8 
rows of radially arranged, brick-Hko c.ells, c.ontrast clearly with 
the murally arranged wood fibres. The voss^s arc large, and 
evidently capable of division. The medullary rays are as well 
defined between the bast-masses as between the wedges of wood. 
They increase in size towards the circumference of the transverse 
section, and take a clavate outline. The bast is composed of 
8-10 rows of thin-walled cells, with a terminal, almost circular 
mass of sieve-tubes. Outside the stele, the remains of former 
bast-masses, now sclerotic, form a strengthening layer in the 
cortex. A few sacs containing raphides may be noted here and 
there; others contain single, larger, flattened crystals, and others, 
again, store starch-grains. 

7. Polyeycla. 

{ a ) Bouoainvillba hpectabilis Jubs., (FI. Ixiv., fig.lO).-Tho 
centre of the transverse section of the stem contains tlie largest 
vascular bundles, scattered through the pith. The xylem and 
}>hloem portions of each bundle are clearly defined, but the 
'cambium is usually marked by a scar, whore it has torn under 
the knife of the microtome. Outside these older and scattered 
bundles, is a clearly defined ring of two years' growth of younger 
bundles, normally dicotyledonous in general appearance, but 
having alternate circles of wood, bast, wood, bast, lietween any 
two bundles of the outer ring are well defined medullary rays; 
but, at the interior end of each ray, the cells composing it^come 
roughly polygonal, and merge into the pith-cells. When a new 
cambium appears, outside the last ring of bundles, the cells of 
the outer ends of the rays unite round the outer extremity of 
each bundle, so as to isolate the ring previously formed by a 
definite wavy circle of parenchymatous tissue. The bast arising 
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from tills Irttest-formeil cambiuin consists of 6-S rows of brick¬ 
like, tbin-walled cells, outside of wbieb is a siii^le-rowe^l circle 
of sclerencbyma. 

(b.) Bouoaznvillra lateuitia Hort, (PlatelxV., II), differs 
little from /f. apfctahiHs and /f. except that numer¬ 

ous sacs containing clinorlioiiibic crystals—raplncles— are found 
in the periderm and pith. Where a bud is formed on the stem, 
the tissues entering the bud from the stele are full of these 
needle crystal sacs. 

(c.) Bougainvillea Sandkkiana ITort., (Plate Ixv , fig.l2).— 
This section ( x 90) shows the central and first formed vascular 
bundles isolated in tlie pith, as in the case of its allies; and four 
annual /.ones of alternating wood, bast, and encircling niedullary 
ray tissue. This last might ho taken for cambium, but is quite 
distinct in the character of the cells composing it, from tlial of 
the last formed cambium-ring Periderm, (*or]c, and the <leud 
cells of the outer bark are well shown. 

((f.) Piper nigrum Linn., (PI. Ixvi,, Iig.l3).— The geneitil struc¬ 
ture of this stem is similar to that of Ikmgainvillea. The first- 
formed set of bundles, seven iii number, develops cambium within 
ejich bundle, but not lattween them. These hundles are further 
isolated hy the growth of the pilh. Circumferentially, other 
cambium-tissues form, making a complete wavy ring, and give 
rise to a normally developed set of vascular bundles of the usual 
dicotyledonous arrangement. Lying in tlie pith, outside each 
of the original isolated bundles, is a rcsin-duct; and a larger one 
occupies the centre of the stem. Bounding the outer, normal 
ring of vascular bundles on the inner side, is a complete wavy 
ring of sclerencbyma, of about six irregular rows of thickly 
strengthened, polygonal cells An indefinite ring of sclerenchyma, 
its cells elongated circumferentially, surrounds tlie outer ring of 
wood and bast, 

Stkpuania HSRNAN01APOL1A Walp.—In a first year’s shoot, 
there is a remarkable similarity between the colls of the pith, 
medullary rays, and periderm. As in Piper nigrum^ the stele is 
bounded by a scolloped line, outside of which new cam hi urns 
arise, and new rings of wood and bast are developed. 
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ii. MONCKWYLKDONRS. 

1. Vulgftres.--To ttiis section Ijolong Ai^paratjuH racemoB'^iS 
Willd., Flagellaria indim Jjinii., (Mtifonophsium cymomm A. 
Cunn., Rhipuyoiium allium U Br., and SmiUix auBtralia R.Br, <bc. 

2. Abnormales,— Oaleola cassythuidks Ueichli. f., (PI. Ixvi., 
fig.14). —In tliib leafless, diinljiiij(orcliu), tlie bundles are numer¬ 
ous, and contain six large vessels, with a few smaller marking 
the protoxylem. In each vascular bundle thei*e is a limited 
quantity of soft bast, and a few sieve-tulies. The ground-paren¬ 
chyma is formed of larger cells than usual, and these are massed 
round tiio bundles, forming bundle-sheaths. In transverse sec¬ 
tions of the stein, a roughly radiate arrangement of the cells nf 
the grotmd-parenchyina is evident, in some sections showing four 
rays, in others with more and irregular rays. Numerous sacs 
containing rapliides are seen in the ground tissue. The contents 
of colls lying i in mediately within tlie bark show a brown dis¬ 
coloration; these are evidently attacked by a parasitic fungus, 
wliose hyplue can be within the brown cells. 

Conc/naioH.—The whole of the abnormal stem-structures in 
climbing plants have, for tlieir object, the free flow of elaborated 
sap III the bast-tissues, in Chiastoxylon, the stem so presses on 
the support as not to put pressure on the bast-masseB; in 
Astroxylon, the broad medullary rays ensure the nutrition of 
the stele; in Hiptage, Bryonia, and Rofannm Wendlandii^ a thick 
pad of elastic cork is developed on that'side of the stem subject 
to pressure, and so on. 


— U,y lioKt—c., CJamhium—r.r,, Goi'k-cambinm—cit., 
Cork—er., A crytiUl—Protoxylvm—yV*., Fibre-vasculiu' bundle—/i., 
Hair—wLi*., MedulUry ray-^., Pith—/>/»., Phelloderm—r.d., Resin-duet 
—ry., (Fig, 14), Three of the four rays traversing tlie ground-parenohyina 
—Hclerotio cells—Noleienohymo—« r.b. (Fig.14), Secondary vascular 
bundles—LL, Transfusion-tissue—r., Vessels of wood— i\h. (Fig. 14), Vas¬ 
cular bundle with apparent bundle-sheath—in., Wooil—x (Fig.14), Tiiioes 
of fungal hyplioa. 
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EXPLANATION OF PLATES LX.-LWL 
Plate Ix. 

I. -T, S. Cit'hvifienaittu /xirw tMtim F. v. M.; ( x 24). (I. Normalai]. 

-- T.S. MtUetfn F.v.M.; f x J7). [I.Normalail. 

Plate 1x1. 

Fl*^ J. T S. Sft/nimm DV/z/IArwrA/Hook. L; ( x JK)). [l.Normalei] 

I'lf'.J. - T.S Hitpmnti Tu'enlitim Lirifll ; ( x 17). |2 Chlaitoxylon]. 

Hate I Ml 

T.S Ijitidl.; (X23). |2.ChiaiftoxyloB]. 

Fi^' (».- T S. (\it*n>niu fifilta F.v.M.; ( - 13). [H.AltfOXylon] 

Plate Ixiii. 

Fiff.T.—T S Ih'tfottttf fadmoi*(i Linn.; rA., eoik-IiiverH on sup- 

|)iui; (s 2.3). [4. Endophloia). 

Fi>(.K, —T.S. WittUinn IK’.; ( x40). [."i BxooyoUI 

IMate lx IV. 

Fi^.P.—'r.S. VftU Ahmiitfoliu F.v.M.; ( x 40). [tJ. PhlolocyclaJ 
Fif(. 10 -'r.S. liow,tii\udlim H)utvttiJitdU .Iuhh. , rA‘., pad ol etnk opposiift 
Mujipiiiting braneh; ( 23). |7. Polyoyolaj. 

J’late Ixv. 

Fij<. IL -’r.S. liomjmiidllHt hUfnha Hurt.; ( a 00). [7. Polyoycla]. 

Kij^. 12. -T.S. //. SaiuUvmm t^trlei/aiit Hort; ( x IH)). [7. PolyeyolaJ. 

Plate Ixvi 

Vifi, 13, 'r.H w/.vr«/rf fjinn.; ( x 40). [7. PolyeyclaJ. 

Fi^. 14. —*T-S. (/a/po/ft pasAjf/f/totWp¥ Reiehb.; (xlO). [Monocotyi.kdon : 

2. Abnormalei]. 
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OlMnNAHY MONTHLY MKETING 

OrTOBEU 30th, 1918. 

Professor H. (4. Chapiimo, M.H., B.S., Presiilent, in tlie Chair. 

The President announced that the Council whs prepared to 
receive applications for four Linnean Macleay Fellowships, 
tenable for one year from April Jst, 1819, from (pialificd Cundi- 
<latcH. Applications should he lo<lged w'ith the Secretary, who 
would alford all necessary information to intending Candidates, 
not later than 30th NovernW, 1918. 

The Donations and Exchanges received since the previous 
Monthly Meeting (25th Heptember, 1918), amounting to 3 Vols., 
50 Partsor Nos., 11 Bulletins, I Report, 5 Pamphlets, aiul 1 Map, 
received from 43 Societies, et<5., were laid upon the table 

NOTES AMD KXIfiBm. 

Mr. Fred Turner exhibited a specimen of a very lare plant, 
Trickininm cory»i5oir«m Oaiid., var. pai'vijfora Beiitb., from near 
Barringun, the only specimen he had seen in New South Wales. 

Mr. Froggatt allowed spetdiiiens tif an Indian wood-borer 
(BiiStrychm fnqnalia 3\td.) introduced in the wood of box*»& con¬ 
taining helmets; and likely to cause trouble unless looked aftfir. 

Mr. K. Chee) exhibited specimens of two distinct forms of 
plants commonly known as *^Cobblers’ Pegs" (AViyeron linifoliu% 
Wind.) showing the following characters:—(a) Plants with 
lacinated, basal leaves, and narrow, linear, upper leaves; and with 
comparatively small lowers; the commonest form, (b) Plants 
witli very large, basal leaves, more or less serrated or toothed; 
and wjth much larger flower-heads than in (a). 'I'he two forms 
had been noted for the past five years in gardens, and on vacant 
laud at Wynyard ISquare and other places in the city and sub- 
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urban diHtricts. Ife suggested that they were two distincit 
species, or it may be that one or other of tiie forms is heterozy¬ 
gous. Hoth are easily distinguished from the *‘Canadian Flea- 
bane” (camadnuniH Linn.) found at Cronulla, but comparatively 
rare in this Slate; as well as from K. recently 

brought under notice by Mr. A. A. Hamilton, which is fairly 
common in New South AValcs. — Also a series of seeds of “Soy 
Beans" (Gly^iine hiapuia)^ which originated from a form known 
in the trade as “ Ebony Soy *' The mother-plant “ Ebony Soy,” 
is a black-seeded form, whicli liad been cultivated for four years, 
and bad bred true. Jn the liftli year, one of the plants gave 
seeds of a greenish-yell<iw colour and distinctly green sced.s in 
the same pods. This was distinguished under the name “Aus¬ 
tralia.” VVhen seeds of “Australia” were sown, tin; resultant 
plants gave seeds of tlie following colours : — (1) Plants with 
light brown pixls, and seeds similar to tliose of the parent. (2) 
Plants with daik brown pods, and seeds similar to iliose of the 
parent. (3) Plants with dark poils, and black seeds. (4) Plants 
with ginger-coloured pods, and brown seeds. (5) Plants with 
brown pods, and dark brown seeds. When samples of the above 
were sown, tlie resultant plants (F.^) gave the following results. 
No. 1 gave ]ilants yielding greenish-yellow, black, brown, and 
green seetls similar to tbo.se of “Australia.” The seeds of No 2 
were similar to tliose of No.l, No.3 produced plants jielding 
some brown .seeds, and others witli black seed.s, the pods and 
soc.*<]s in Ixfth instances varying in colour and in the shape of the 
seeds of diiFereiit plants. No.4 gave plants yielding all hi-own 
seeds. Nd.d produced results similar to No.4. iSome distinctly 
green seeds were separated from No.l, and sown sepaiately, and 
these yiehled distinctly green-coloured seeds. The l)eha\iour of 
these plants is very .similar to that noted in certain “French 
Beans ” (P/taHeo/us nulgarui)^ rcciorded in these Proceedings 12H, 
xxxix., p.l60; and 1916, xli., p.l92. 

Ur. A. J. Turner exhibited a collection of l.iepidopieta made 
on the journey across Canada, on liis way back to Australia 
from England. 
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Dr. Tillyard showed a oolloetiot> of Canadian Lacewinjijs and 
Caddisilies, presented to him by Dr. A. J. Turner. Also a large 
Dragonfly {Petatnra ffignntm fxi^ach), picked up on the pavement 
outside tlie Society's gate on the 2r>th inst., in an exhausted, tmt 
otherwise uninjured condition - a stray from the Blue Mountains 
under the influence of westerly wind'i 

Professor H. (}. Chapman, on Ijehalf of Miss M. Lilley and 
Iiimself, exhibited soiiu^ samples of yeast, on which observations 
hod been made on the rate of multiplication of the yeast cells, 
on the amount of sugar present, and on the production of alc(»hoI 
and carlmn dioxide. The figures obtained showed that most of 
the growth of the yeast occurred l>efore the decomposition of 
glucose into alcohol uiid earhiuiic aci<l gas. 
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THE IIELATION UETWKEN THE FAT CONTEXT ANO 
THE ELECTUICAL CONOUCTIVITY OF MILK. 

Hv H. H. Hau'KO Wahdlaw, D.Sc., Linvkan Maclray Fkllow 
OK TIIK SoriKTV IN PlI VSIOLOCiV. 

( From the Phyeiofotjiral Lalntratory of the University of Sydney,) 

Milk consists of water containing substances in solution, in 
the colloidal state, and in suspension. The electrical conduc- 
tivity of milk is due to the presence of ionised salts among the 
substances in solution. The colloidal and the suspended matter, 
the protein and the fat, do not contribute appreciably tc» the 
transport of eh*utricity. These substances, in fact, depress the 
conductivity, for they displace a certain amount of conducting 
material. 

The cITcct of protein on the conductivity of milk has been 
studied by Jackson and Hothcra (1913). They rernove<l the 
proteins from separated milk by dialysis, and found that each 
gram of protein in 100 rc. of the separated milk depressed the 
electrical conductivity by 2*76%. 

The eifect of fat on tlie conductivity is shown by t)ie Hgures 
given by Taylor (1913). He found, as an average of five ex¬ 
periments, that the removal of 5% of fat from milk caused an 
increase of electrical conductivity of 11'4%. This increase of 
conductivity is more than twice as great as that which would be 
accounted for by the increased concentration of electrolyte due 
to the removal of the fat. The excess is ascribed by Taylor to 
the removal of the mechanical obstruction which the fat^globules 
may offer to the movement of the ions. 

The object of the present work was to investigate more closely 
the relation between the fat-content of cows' milk and its elec¬ 
trical conductivity. 

43 
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Tt has been found that, in a ^^iven sample of milk, the depres¬ 
sion of conductivity is <lirectly proportional to tlie fnt-content: 
hut that, in different saniples of milk, the removal of equal 
amounts of fat does not lead to equal increments of conductivity. 
Various other properties of the milk have been examined in the 
endeavour to account foi’ this clifteronce between samples, but no 
definite correlation has been found 

1. Relation heitveen the fat-content of a sample of milk and its 
electrical conductivity. Mixtures of the same sample of milk 
witli different percentafjes of fat were prepared by spinning the 
samples in a centrifuge to remove as much of the fat as possible, 
and mixing various proportions of the spun and tlie whole milk. 
The conductivities of these mixtures of known fat-content were 
determined. 

The percentages of fat in the spun and whole milk were de¬ 
termined by the licise Gottlieb method; the percentages of fat 

in the various mixture.s were obtained bv calculation. The 

¥ 

results liavc errors of not more than 2%. 

The electrical conductivities were detcimined at 25"C, bv the 
Kohirsusch method; a Wolff’s Wheatstone-hridge was used, with 
a telephone as a null instrument The determinations were 
made in a conductivity-vessel provided with vertical electrodes. 
The measurements obtained were concordant to 0*6%. The 
details of these methods are given in a previous paper (Wardlaw, 
1917). 

As the effect of the fat on the conductivity is prolwbly related 
more closely to the volume occupied than to the weight in a 
given quantity of milk, some preliminary determinations were 
made of the density of tlie fat in the samples examined; from 
these figures, the volumes can be calculated. 

The density of the milk-fat was calculated from the densities 
of the spun and the whole milk. The figures obtained are given 
in the accompanying Table, 
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Tabkk i. 

Fhimty oj Jat nmaml fi'mn co^/V milk hi/ Mptmiiny, 


Santplo 


Density of milk. 
Spun. I Whole. 

i. 


l*ei «‘ent-a>;e of fal 


Spun. 


Whole. 


Deriftity of 
fat. 



i*n:D2 

7 

nwoT 

s 


u 

riKiOo 

10 

1-0312 

11 

ro3iu 

12 

1 *o;io3 

i;{ 

1 -omiH 

21 

Mean 

roriiT 


l‘034t) , 

3*.-»l 

1 -o:w7 

3'9K 

1 oarri 

3*7S 

1 -0340 

4 03 

l-03.ll 1 

3-80 

1 •O.Vil 

3-73 

1 -0347 

4U'5 

1 mv2 

3‘70 

l IW.'il 

1 3-51 


I 


o-io 

i iru»» 

0-Ui 

' l)-03H 

0-17 

1 ii-sfin 

0-1.7 

0*933 

0-18 

0*9*29 

0-17 

1 0*927 

0*17 

0*922 

0-H) 

0*921 

0-13 

0 934 


0*929 


I 


The determinaiioHN of denaity were made aa described in a 
previous paper (Wardlaw, he. ci7.), water at 25'’C. lieing taken 
IIS standard. The results have an error of aliont I in 10,000. 

If the two errors are maximal and fall in opposite directions, 
the calculated density of the fat will have a possible error of 
ulioiit 2% The actual ^alues obtained, as shown almve, have 
an extreme range of rather less than this, from 0‘921 to 0-938, 
and the variation from the mean is less than 1%. 

The above results show that the densities of the fat removed 
hy spinning from the samplcM of milk examined varied between 
0-921 and 0*938; 0 93 has boon taken as the mean value in the 
subsequent calculations. This value agrees well with that ob¬ 
tained by previous investigators (Fleisclnnann, 1886). 

The following Table shows the percentages of fat and electrical 
conductivities (R) of various mixtures in whole and spun milk in 
the case of different samples, and the ratios of the decrements of 
conductivity to the corresponding increments of fat-content. 

Tf the d^rement of conductivity is directly proportional to 
the increment of fat, these ratios will be constant tor each 
sample of milk. 
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Taiii.e n. 


R^fatioa rhvtrintJ vimthietnuty nuff of hutintimi 

of co»rH mtfk 


Sampler. 

l*e* 



l)fClVMIt‘llt 

D.K . l(r 

oi fat 
l»y vol. 

cif fat. 

l\ ^ 10 ■* 

of K X 1(1 ’ 

l>.V(tt. 

1 

; r 75 

2*60 

4*72 

2*0 

. 

I'l 



2*27 

4*76 

2*3 

1*1 


312 

1»7 

4*70 

2*2 

1 1 


2‘8.-> 

I 70 

4*83 

7*8 

1 ' 1 ."l 


2*60 

r 4.-» 

4*8 ri 

1*6 

1*1 


'2 38 

1*24 

4*87 

1*4 

1*1 


2‘HI 

ro 4 

4 88 

1*3 

1 23 


n.-j 

0 

ym 

0 


•> 

( l ‘2 U 

0 

5*43 

0 



rri 7 

1*28 

rrao 

1*3 

1*0 


2- a*i 

iw 

.5'‘2.1 

1*8 

1*0 


2-45 

2*10 

.5*23 

2*0 

0*03 


2*76 

2*47 1 

; 3 10 

2*4 

1 *03 


2* U 8 

2*6 tt 

3*18 

2*3 

1*0 


3 r >9 

3*30 i 

315 , 

, 2*8 

0*83 


4-01 

3*72 

5*06 

1 3*7 

1*03 

H 

o -2 ;i 

0 

5*38 

1 

0 



1-78 

\ *05 ! 

6*26 

' 1*2 

0*8 


2*42 

2 *ltt i 

5 20 

1*8 

0*83 


2'HO 

2*57 

1 .>*18 

2*0 

0*8 


3*38 

3*15 1 

I 

1 3*15 

2*3 

0*75 

7 

0*17 

1 

0 

3*40 

1 0 



1*60 

1*48 1 

3*28 

i 1*2 

0*8 


2*18 

2*01 

3*26 

i 

0*7 


3*02 

2*80 

3*20 

2*0 

0*7 


3'53 

3*30 

5*18 

2*2 

0*65 


4*28 

t 4*11 

3*10 

3*0 

0*7 


The values of K in this Table have a possible error 20 to 60 
times that of the oorresponding measurements of conductivity. 
The above figures show that the ratio of decrement of conduc¬ 
tivity to increment of fat is constant to within the limit, of error 
of the determinations for the samples of milk examined. 

From these results, it will be seen that, for a giv^ sample of 
milk, the depression of conductivity is direotly proportional to 
the percentage of fat. 
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2 Uttfatioti hetween Jai-ctmlenl and condtuilivity of different 
8nmpif*A ,—Tlic above li^ures also indicate, however, that tlic 
depression of conductivity <iue to a given increase of fat-content 
is not tliu same for difTcrcnt spccirnens of milk. To confirm this 
observation, a number of dotcriniuatiuns have been made of the 
percKjiitagc-dccrease of conductivity of spun milk due to the 
addition of 1/ of fat These figurcsarc given in the last column 
of the following Table. 


Table iii. 


l*tvvAiUnift nj i/irfru'ttf romhtrhnty tint to flit atltltftoH o/ / r.c. 

of Jtit to thffrtvnt uttMfilfH oj ron'n mtfh. 


Sample 

1 

1 

iVi'oent. , 
of fill 

1 by vol. ] 

j 

D.Frtt. 

1 

D.K X 10-». 

1 

DKx |0-\ 

1)K%for 

1 c,c‘. fat. 

I 

3*7’> 

1 

I 

1*72 


' 

1 

1*1.) 

2*00 

3 01 

2'9 

2*23 

i 1 

4'0l 


3*00 




0-2(i 

3*72 

3*43 

3*7 

1*8 


3-87 


4*84 

i 



0*1» i 

> 3 08 

5*10 

2*0 

1*3 

4 

4ir> 1 


3*07 

1 

! 



0-lH 

t 3*07 

3*37 

3-0 1 

1*4 


3’7K 1 


3*10 

1 



0-23 ; 

1 3*05 

3*41 

31 i 

1 •«,> 

« 

3 38 ' 

1 

5*15 




0*23 

3*15 

5*38 

2 3 1 

1*33 

4 

4-28 : 


3*10 

1 



017 1 

411 

3*40 

3*0 ‘ 

1 *33 

H 

4-00 1 


3*11 

1 



0*18 1 

»-HH 

3-42 

3*1 1 

1 *3 

i) 

4*33 


3*07 

1 

* 


0*10 

417 

3*37 

3*0 ; 

1*35 

10 

4*01) 


3*08 

1 



010 

3mj 

3*44 

3*0 

1*7 

II 

4*01 


5*00 




0*18 

;VH3 

3*37 

2-8 

^ r;w 

12 

4*;iH 


5*05 

1 

1 


0*18 

417 

3*30 

3*1 

1 1*4 

IR 

3*08 


3*07 




0*17 

.1'81 

5*30 

3*2 

1*35 

14 

3*02 


3*08 




0*20 

3?2 

5*41 

3*3 

1*65 

l.> 

3*84 


4*99 



1 

0*16 

3‘68 

3*35 

1 

3*6 

1*8 
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TvnLh 


SiiiMplr. 

IVnjeiit. 
of fat. 
l)y vol. 

D.Krtt. 

I).K 10 \ 

D.K 10 ^ 

»‘h 

1 <r»t 

in 

3-UH 


5*05 




OM 

3 HI 

.■r:W 

2’8 

1 35 

17 

4*30 


5 02 




017 

411 

5‘32 

, 3*0 

1 4 

IN 

370 


5*01 




017 

3’5.3 

5*42 

i 

2 15 

in 

3-WS 


5*21 

( 



Ol.^ 

3*HI 

4 03 

1 *2 8 

1 4 

•in 

3*1»7 


5 HI 




iri’i 

3*8.> 

5*47 

3‘l 

1*5 

2) 

3'H5 


5*37 




0*14 

3‘.M 

5*71 

3*4 

17 

•i*i 

3-.*i0 


5*43 




0 18 

3*41 

5*72 

•2 0 

1 *5 

*2;i 

yso 


3-41I 




0*15 

3 71 

3H3 

3*4 

IM> 

24 

3 70 


5.40 


1 


0*14 

! 37»« 

5‘H3 

37 

1*8 

25 

3*80 


5*4H 




iVirt 

; 3 05 

' 5*85 

37 

175 

2(i 

4*10 


5*51 




U*13 

3*07 

5-HO 

3*8 

1 Tm 

27 

3*45 


5 *88 




0*l« 

3*2«) 

0*21 

3*3 

1*0 

2N 

3181 


5*34 




O’lo 

3*81 

5*07 

3*3 

1 *55 

2!l 

3 75 


5*50 




0*17 

3*58 

5 HI 

3*1 

1*5 

30 

3*72 


5*48 

1 



0‘lU 

3T>0 

5*78 

3*0 

1*45 

31 

3 *•>•) 


5 *.55 




Olli 

3*37 

5*80 

3*4 

1*7 

32 

3*67 


4*47 




0*10 

3*51 

5*H| 

3*4 

ro.') 

Mean 





1 *58 


The figures in tlie above Table show that 1 c*c. of fat in 100 
c.c. of milk depresses the conductivity 2*3 to 1*3% of tbo^value 
for spun milk in the samples examined, the mean depression 
being 1 '58%* The efibet of fat on the conductivity in these cases 
is thus 30 to 120% greater than can be accounted for by the 
amount of conducting material displaced. 
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It was thouglit that this variable eilert upon the conductivity 
might bo due in some way to the method of removal of the fat 
fmin the milk. The milk might Ihj <*onccntratGd slightly by 
evaporation during the process of .spinning in the centrifuge. 
The conductivity of the spun milk would then he greater than 
could be accounted for by the removal of the fat. Or, substances 
other than fat might bo removed by spinning. In tliis way also 
the electrolytes of t\w spun milk might become more concen- 
trute<K >^od the eflect of tlie removal of the fat would be ex- 
aggerated 

To test tlic first of the above suppositions, the conductivity 
of samples of milk which had been spun covered to prevent 
evaporation was compared with the conductivity of samples 
spun uncovered in the ordinary way. Tlie results obtained are 
given below. 

/Slectricnl condurtiinty of milk a/tfr »piniking %n covf*red and 
HHcotyfired InhuH, 


SaiiipU*. 


4 


Uoiiduotivity. 


(Jovcml. 

IJncdVftred 

5*08 

.5‘08 

.5’37 


.>*.30 

1 5-40 


These results show that there is no appreciable increase of 
conductivity due to the concentration of the milk by evaporation 
during spinning. 

To tost the second hypothesis, the amounts of total solid 
matter as well as of fat in the milk were determined. The 
following Table gives the weights of fat and of total solids in 
lOOc.c. of milk hetere spinning, and in the volume obtained 
after spinning (100 c.c less volume of fat). 
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Tahlk 1%'. 

Wnifhti* /nt ami qf tainf /mtfd mnUir rtmotnf /tom fOOc r. f>J mdk 
hi/ nt a cenfn/itffv. 



Kal ill UK»e.o. 

Siihdrt hi lOOf.o 

!vVt from lOOf.c 

Snhils, 

Whulu. 

Spun. 

Wl».le. 

Spun. 

Viit. 

SdIuIh. 

Kal. 

H 

3 78 

0 17 

12 70 

8 91 

3*61 

- 3 79 

1 05 

0 

4 03 

0 15 

12 76 

8*64 

3 88 

, 4*22 

1*09 

10 

3‘80 

U 18 

12*72 

9 07 

3*62 

S*66 

101 

11 

3 73 

017 

12 66 

8 04 

3 56 

3 72 

i 05 

12 

4*06 

017 

12 95 

8 82 

3 88 

4*13 

106 

13 

3*70 

0*16 

12*60 

SOS 

3 54 

3*65 

1 03 

14 

3*65 

0*i9 

12*58 

H-02 

1 3 46 

3 66 

108 

iri 

3-67 

0 15 

12 88 

8-95 

' 342 

3 83 

1 12 

IS 

3-70 

0*13 

12*72 

802 

3 57 

3*80 

1*06 

17 

4*08 

0 16 

13*00 

8-96 

3*82 

4*04 

1*06 

18 

3*44 

0 16 

12*39 

8-99 

3*28 

3*40 

1 1*04 

20 

3-SO 

0 11 

1*2 85 

900 

3*69 

3*85 

: I *04 

21 

8*3U 

0*13 

12 40 

0 01 

3*26 

3 39 

1 04 

22 

3*44 

0*17 ' 

12 45 

009 

1 3*27 

3 3H 

1*03 

23 

3*70 

0 14 , 

12 72 

8 97 

3 56 

3 75 

1 05 

24 

3*64 

0 13 

12 56 

9-00 

3*41 

3*56 

1*04 

26 

3*64 

0 14 

12 67 

9*06 

3 50 

3*52 

1*01 

26 

3*02 

0 12 

12*99 

900 

3*80 

3 99 

1*05 

*27 

3*31 

0 15 

12 01 

K'HS 

, 3*16 

3*16 

1*00 

28 i 

' .3*79 

0 14 ' 

12 80 

8-86 

3*65 

3 04 

1 08 

20 

3*59 

016 

12*69 

908 

3*43 

3 51 

1 02 

30 

3 55 

0*16 

12*51 

0 00 

3 40 

3*51 1 

1 1*03 

.31 

3*40 

015 , 

12 35 

896 

3*25 

3 39 

1 1*04 

32 

3 61 

0 15 1 

1 

12*67 

906 

3 30 

3*51 1 

! 105 

1 


The above ti^ures show that a certain amount oi' material 
other than fat is removed from milk by bpiiiniiig. Thib ik the 
material adsorbed by, and adherent to, the fat-giobules, and as 
would be expected from the rather indellnite nature of its asso¬ 
ciation with the fat, its amount is rather variable, ranging from 
12% to 1% of the weight of fat removed. If this material bo 
assumed to have the average density of tlie solids other than fat 
of milk, 1*6, then the volume occupied by it will he only 0*6 to 
7% of the total volume removed. This increase of volume is 
quite insufficient to account for the excess of the eitect of the 
fat on the conductivity over the volume-effect (30-120%) 

3, J^0ct qf degree BubdivUion of faL~- It was thought that 

some light might be thrown on the variable effect of fat on the 
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conductivity of milk by cxamiriing the ridation between tins 
effect and the numlior of fai-^lobiiloH in h ^dven volume of fat. 

I'he eftect of non-conducting suspended mutter on the I'on- 
ductivity of electrolytes has l>eeii studied by Oker-l^loin (lUOO). 
Jlo dcU'i'iiiined the conductivity of suspensions of sand in jellies 
marie up with salt solutions, and came to tlic conclusion that the 
sixe of the pai tides (between 2 and under 0*;> mm ) made no 
diiterence to their effect on the conductivity, but that the sand 
depressed the conductivity less when uniformly distributed 
tbrough tbe jelly than when collected into one layer These 
conclusions are to a certain extent contradictory, however, us 
the difference between the first and second eases' is mainly 
one of aggregation. Further, the range of sissc of particles ex¬ 
amined ill tlie first case was not very great. 

The sixes of the fat-particles even in one sample of milk vary 
enormously. Hut each sample contains a certain average size and 
number of particles in a given volume, and well defined differ¬ 
ences exist between the sizes and numbers for samples of different 
origin. Strippings, for iiiBtanco, contain larger fat globules than 
first milk, and the milk of Jersey cows contains larger particles 
than the poorer milk of 8hortliorn cows. 

The iiiiinljcr of fat-globules in the milk was counted by tbe 
method of Babcock (1866) as modified by Hhuw and Eckles 
(IB09). One volume of milk is diluted to 50 with water. The 
mixture is drawn up into capillary tubes, the interna] diameters 
of the tulxis are measured, and the numbers of globules in a 
known length arc counted. From the figures obtained, the 
numbers of globules in a known volume of the undiluted milk 
may be calculated. The measurements are made with an ocular 
micitimeter. The workers (|UOted made the optic iiieasui*einenl8 
with the capillaries immersed in glycerine. It was found in the 
pre.sent work, however, that owing to the differences lietwccii 
the refractive index of glycerine and that of glass, the values of 
tile diameter of the capillaries measured in this way were too 
liigh. The present measurements, therefore, were made with 
the tubes immersed in a solution of chloral hydrate in glycerine 
(7:1). This solution has a refractive index of 1*608, which is 
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very cIubc to that of the glass used. The ineasiirenients were 
cheeked by wei;(hing tlie aiiiuiiiit of luonMiry roiitiiined in a 
known length of the tube. The accompanying figures show that 
tlic optical measurcinents of diameter agree well with those 
calculated from the weights. 



1 

1 

I 

1 i 

1 

1 DiunirU i 

'I'ulw, 

Weigh! nf Hg I 

1 
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1 i 

1 
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1 

1 ing. 

KVri? tniii. 

O'lKI? mill. 

0*!Hl!i mill, 

•J 
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iniTfi „ 

(I073.“» ,, 


0 tt.Vi „ 

iH ir» ,, 1 

1 0-74 

0 072 

4 

r22 „ 
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•i2-i 1 

1 0<!7I 

0 072 „ 


These figures show that the resultH obtained by the twf> 
methods are concordant to within their limits of error. 

Tn the following Table are shown the ratios of percentage of 
fat to the percentage-decrease of conductivity, and tlie nutiil>ers 
of fat-globules in 1 cu.mm for different samples of cows’ milk. 

Tablk V. 

Ihifnv of of mUkfaf nmi ov fh 


1 

1 

Sample. j 

Fat in HMIu.!;. 
T).K% for 

1 X fat. 

( 

tUtilmleK per 
juu.iiiin, milk x |U * 

liluhuleK pci* 
uii.mni. fat x 10"*. 

19 • 

1*36 

i 

' 1 92 

4*85 

20 

136 

1 94 

4*86 

21 

\1\ 

1-96 

5 40 

22 

1-44 

1*72 

4-66 

2.^ ! 

1-53 

1 70 

491 

24 

1-73 

1*98 

' 6*20 

25 ! 

1*69 

2 0*2 

i 5 17 

2H 

1 5K 

l'N9 

4 47 

27 , 

1 57 

2*27 1 

1 6‘3K 

28 

1*49 

! 2*10 

5 15 

29 

1 45 

2 02 

5*22 

30 

1*42 

1*96 

500 

31 

1*66 

1*77 

4-84 

32 j 

1*62 

2*12 

1 

5*61 


As will be seen from the above figures, no simple relation ap 
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pears to exist Iwtwecri tlic* (Icpressinn of coruiuotivity due to 1 c r. 
of fat in 100 u e. of milk and the average number of globules 
into whicli this amount of fat is divided, or the average size of 
the globules. The degree of sulMiivision of the fat thus does not 
seem to inHuence its effect on the ronductivity in excess of the 
effect due to the volume displaced. 

4. 7'hf* rtilation hetiimn the inermae qf‘ v^igeoBity duB fn the fat 
of milk and Use feet oh the eleclricaf conducfirtly. -The electrical 
conductivity of a solution of electrolytes depends on the velocity 
and concentration of its ions. One factor which determines the 
\cIocityof the ions is the resistance winch the liquid of the 
solution <ipposes to their fnovcnieiit. In the case of aquctnis 
solutions of salts only, this resistance is measured by the vis¬ 
cosity. Tn the case of systems which are not homogeneous, liow- 
ever, the viscosity of the system as a wiiole is not a measure of 
the resistance offered to the passage of ions. Tlie addition r>f 
gelatine to a salt solution, for example, may increase the vis* 
cosily enormously, while the resistance to the movciuent of ions, 
as measured by the conductivity, is hai*dly affseted. Tlic system 
is no longer homogeneous, but consists of two phases 

Milk is such a heterogeneous system, and contains at least 
ttiree phases No simple relation is to be expected, therefore, 
lietweeii the viscosity of milk as a wliole and its electrical con¬ 
ductivity. It was thought, however, tliat these two properties 
might be connected in some regular manner which would explain 
the disparity between the volume occupied by the fat of milk 
and its effect on the conductivity. 

In the following Table are shown the effect of the removal of 
measured amounts of fat on the conductivity and viscosity of 
milk. The viscosities wet*e measured in an Ostwald viscosimeter 
at 25*0. The values given are those compared with water as 
unity. The results Imve a tiiaximum relative error of 1%. 
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TAlihh VI. 

/f//l*r/ nf/tit on itn*l tUArrnottf of mt!k. 
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32 

3*«l 3-4 j 

1*81 1 
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r-ii 
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Tho above RgiiroK show that in tliesc biirnplcH of milk a dc 
orimc of 1 gin. of ful in 100 cm:, diinitiished tlio viscohity from 
3 to 7%. The corresponding increases of conductivity, however, 
are from 30 to 50% alxive the values due to the volume occupied 
by the fat. The diminution of viscosity is thus quite insuflicieiit 
to account for the discrepancy between the volume occupied by 
tho fat and its effect on the conductivity. It will bo seen, too, 
that the increase of conductivity is not proportional to the de¬ 
crease of viscosity. 

These results also indicuto that, in the samples of milk ex¬ 
amined, the effect exerted on the conductivity by 1 % of fat by 
volume is as variable as the effect exerted on the conducti\ity, 
and does not show that constancy which Taylor {loc, cilj) found 
ill tho samples examined by him. 

6. The beha/oiour of /at-glob%ile8 in an electee ftefd ,—If tho fat- 
globules of milk carry an electric charge, they may retard the 
movement of ions in their vicinity, and in this way be responsi- 
hle for the variable effect that fat exerts on the conductivity in 
addition to the effect due to the volume displaced. The attempt 
was made to observe whether the fat-globules were cliargcd by 
placing milk in a shallow cell less than 1 niin. deep, provided 
with piatimim electrisJes (('hick and Martin, 1912). A current 
was passed lietween t|ie electrodes, and tho fat-globules were 
watched under tlie microscope. No movement was observed 
with a fall of potential below about 3 volts per cm. With higher 
voltages, bubbles or gas were formed at the electrodes, and 
cansed movement of the globules mechanically. These experi¬ 
ments do not show conclusively that the fat-globules of milk 
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are not charged electrically They indicate, however, that any 
charge carrioc] must be small; much smaller, for exuinple, than 
that carried by the particles of a suspension of coiigulnted pro¬ 
tein, which show very evidemt movement in an electric field 
under conditions similar to those descriljed 

Summary. 

(1) . Removal of fat from milk increases the electrical con¬ 
ductivity. 

(2) . Tn a given sample of milk, the increase of cmuluctivity is 
directly proportional to the volume of fut removed 

(3) . The increase of conductivity duo to tlie removal of u givcui 
amount of fat is not the same, however, in different samples of 
milk. The average increase of conductivity due to the removal 
of 1% by volume of fat is 1 *5%. 

In conclusion, I wish to express my indebtedness to Sir 
Thomas Anderson Stuart, in whose laboratory this work was 
done. 
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THK PANOHPOTD COMPT.EX. 

PaUT 2. ThK WlNri-TRK'HIATION AND IT8 HkLATIONKITIP TO THK 
(IKNKKAL 8cHKMK OF VKNATION. 

By H. .) Tillyakd, M.A., I) Sr.. PMj.S., F.K.S., Linnran 
MaCLRAT FkLLOW of THK SoCIRTY IN ZoOf.OOY. 

(PlatoH Ixix., tttul 17-?^'^). 

Tf vro cut off* a siiiaU ^H)riu»n of tlic of any archaic Holo- 
rnctal)oloua InsfH^t, Huch as, foriuHtanco, ArvMchtnirt4idi*iigu.itijWuH 
Walk., (Text-6^. 22) of the Oixlor Me;<iilopt(*m, aiid make a 
eloan^l mount f>f it, we shall finil that, when it is examineil 
under a higli power, lK)th veins and membrane of the wiii^ ais* 
coveivd with hairH. TheNC hairs will 1>e seen to l>o developeil 
(*f|unlly abundantly upon the upper and under aides of the wing. 

Tliia covering of hairs may l)e spoken of collectively aa th(^ 
\Vhiij-irMiatuiiu Though it ia to lie f(»und in all Oisiers of the 
Holometalioln, it doea not occur in all Orders of TnsectA. It isi 
for instance, entirely absent fisinn the wings of the Odonata. 

Generally speaking, there may lie found upon the wing of any 
Holometabolous Tnsect two types of hairs, which I have alriMidy 
namt^d inicrotnehiaand macnitrichia respectively ( 6 ). These may 
lx; dehned as follows:— 

MiiTotrichia (Or, /*oc/>os, small; and Tp(x^> ^ hair) arc 
minute hairs, generally much curved or hooked, which are de. 
veloped in connection with every unspecialised hypoderm-cell of 
Imtl) upper and under surface of the wing. Hence they o(x;ur 
indiscriminately and exceedingly abundantly upon veins and 
membrane alike. Their basics of insertion appe^ar as simple 
circular pits, in wliich, under a very high power, a central per^ 
foration leading into a veiy small lumen in the interior of the 
hair can be made out. They vary in length from under 1/a to 
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about 30/1, Ilut in most casos lio lietweeii lO/i ant I ‘JO/i. Similar 
hairs ai*c frequcmtly fircsont iiptm the softnr pirts of the: body, 
as, for instance, on iln* alHloinmal sutures and pleura*. (Text- 

Ma^ntfrichia (Or. /auk/mk, lur^e; and are nuicli larger 

and stron^(*r liairs, much less abundant, and only tlovelo^ied from 
larf(e sj>t>cialis(*d hyp<slerm-cells (tricho^en cells) in connection 
with spi»eial nerve eiMlinj<s. They are thus of the natuiv of 
and h<»m(t 1 o^ouH with similar hairs on other parts of the 
body. 1 'heir bases of insertion ait* in tlie 
form <»f rais(*d circular rin^s, enclosing an J . 

opening in tlie cuticle, w Inch is continued as ^ 

a very tlefinitc lumen within the hair, almost \ 

to its very tip. I'hese hairs ani almost uni- 
Mirsally pit*H(*iit upon the main xeins and 
their hranclu*s, less fitjquently upon tht* 
merobraiie of tin* win^?, anti tmly in very 
special cases uptm the trut* ci-uss-veins. In 
M^veral Oitlers they become evolvetl, in oer- I i B 

Uiii cases, by a ]ut)ceHH of tlattoning, intt> 4 ) 

sco^k; but this flevelopment is only HpHsmtKlic » ^ 

except in the Older lifpidoptera, wheiti scales • /- 

aits found universally, (Text-fig. 1 7 ,/a, c, c,/’). 'IVvt-Hj/. 1 7 .^ 

Tliose maerotrichia found u}>on the veins 
ai*e usually somewdiat larger anti stronger tlian those found upon 
the niembmne, anti Isith series may vary considerably in Hi/.p 
upon tlic same wing. Tn different insects, the limits of variation 
of these hairs may be placed at from 40/i to over 2()0/i, Text- 
fig. 17 shows two sets of fairly normal Imirs, one from Panorpt^ 
and one fmm 

It is the purpose of this Part tt) study the evolution of the 
Wing-Trichiation in the various Orders of the Panurpoid Com¬ 
plex. As this is partly dependent upon the state of evolution of 

* Haira from the wings of Panorim Westw., (a-c), and Rhypkwi 

brevM Walk., (d>/); a, d, miorotriohio; 6, r, maoi'Otriohia ft*om wing-meni- 
brane; c,/, ditto, from mam veinR; (x37o). 


Tevf.rtg.l7." 
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the ^{oneral plan of the wing-venation, it will be necessary, first 
of all, to define the composition of this venation aomowhat more 
strictly than is usual. 

Accin'diug to the well known, and by now generally accepted, 
theory of Comstofik and Need}iani(14), the venation of an inseet's 
wing has been originally determined by the courses of the pre¬ 
cedent tnicheie, which supply the growing wing-rudiment of the 
laiwa or nymph. Fiom the six main ti*acheie tliat enter the 
growing wing, there are thus ^leveloped six main ?W/w, known 
as the coHfUf mbco»ia^ radian^ media, vuinltie and analiti, respect¬ 
ively, Some of these main veins may l)e hianelusi; such primary 
branches are termed epctarH. 

In tlie case of a main vein which branches and rebranches 
several times, it is clear that the final branchlets may bo both 
very small aiul very iiumeious. f propose to term such branch- 
lets vnnh‘i». They aio to be distinguished fiom ci*o8s-vein8 (see 
below) by the fact that they aii» always preceded hy definite 
trachea). 

In contradistinction to a veinlet, T propose to restrict the term 
wisx-t.viw to a short connecting vein which does not ftjrm part of 
the branclung system of any main vein, anti is developed inde¬ 
pendently of Uie precedent tracheation. 

It should Ix) clearly understood that there is no reason why 
such true cross-veins should not be developed upon any portion 
of a wing, and at any time, provided the need for them arises. 
There is thus, in reality, no difference between true cross-veins 
and the so-called false tToss-veina, which appear occasionally in 
newly-expanded areas of the wings of highly specialised genera; 
as, for instance, in the enlarged humeral area of the hindwing of 
Lasiocampa. The only difference between these newly formed 
cross-veins and those found in older wings is one of time; whera 
the geological record is available to us, as in the case of the 
Psychopsida*, the rise of the true ct'osR^veins from a similar origin 
is clearly indicated. 

In order to appreciate the difference between veinlets and 
cross-veins more clearly, I have figured the tradieation and cor- 
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n^nponding venation of a j^Mirtion of the eostal area of tlie foi'C- 
wing of pHifvhopHiH (fueriii, (Text-fig.IN), in which tluH 

jlifiei'ence is veiy clearly .s})r>wn. It will Ik* seen tliat the liranches 
piAsing into the eoMial areti from the nmiii sulieostal vein (iSc) 
ai'o all of the natuis' of rfinlftn (ee/), .sin<‘e they ais' all piS5Ct»ded 
l>y triiehwe. I'hese veinletn are, however, support<Ml hy tisie 
(.e)i ^diicli ]ia\i‘ artsen independently of the tirochea- 
tion. Also, the narnov ais*as hetweeii Sc, H, and Km are 
strengthened hy true (.r). 

In the known fossils of the pHychipnitliv and allies, Nve find the 
costal vi'inlets pivsent as in rts'ont forms. But then* ai*e no 
connecting emss-veins. Hence it is evhlent that these latter arc 
a later <le\elopinent, eallod intii existence hy the need f(>r 
strengthening the (‘idargcnl costal area of the wing. 



Text-fig. 18. 

Portion of enlarged costal area of forewing of tietjavH Gu^r., 

( X 27), with the oorresponding trooheatinn (to the left) of the pupal 
wing, (x60). oosta; cf, troobeie preceding the costal vointets; 
costal voinlets; R, radius; Rs, radial sector; So, subcosta. 

lieferring again to Text 6g.l8, we notice a further difference 
between the veiiilots and the cross-veins. The former, like the 
main veins of which they are bmnchlets, carry a I'egular 
series of mocrotrichia, whereas the* latter have no macrotrichia 
at all. This distinction holds throughout the whole of the 
Holometabola, with only two exceptions, vix., the Raphidioidea 
49 
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and the higlier fainilirs nf the Pluniponniji, in which the macro- 
tnchia appear iipfin the crosH-veiriN oh well tw on the veinletN. 

Having now clearly explained the diffei-ence lietween veinlet^ 
and erosH'VeinH, let uh now j<o liack to the inoMt primitives fomil 
insecta, and stu<ly the vonational acheine that they present to un. 
In the* oldeat known Ortlei-s, the PalcwKlictyoptera and their 
allicB of tho Upper Carboniferouft, we find tlie name .scheme of 
main veins as in iiscent iiisectH. The spaces lietween these main 
veins and their branches are, how ever, filled up wdth an iri'egular 
meshwork of cellule's, quite unlike aiiytliing to lie seen in tlie 
Uoloinetaliola of to-day, thougli very pmbably hoinolo^oiiK with 
the still-existing dense meshw»>rk of cellules to l>e found in et*rtain 
()rderH of Homimetahola, sucli as the ()donata. To this origiwU 
mtiHhum'k of eeUvlt^n^ as developetl in tho Palieodictyoptera and 
their allies, I propose to /^ive the name a/v'Artrfte/yon. A portion 
of a typical archedictyon is shown in Text-fig. 19. 



* Text-fig. 10. 

Portion of wing of the fossil Hyperme.Qethw »kwktrti Hondl., (Cider Palaxi- 
diotyoptera), to show the arohediotyon; (nat. sise). 

It is here necossaiy to disabuse our minds at once of the idea, 
if it exists, that the dense venation found in certain Planipennia 
is an archedictyon. Practically all known fossils of this Order 
(TriaBsic, Liassic, and Jurassic) have either no or few cross- 
veins, and the spaces between their numerous main veins and 
branches are devoid of any meshwork. Further, tho oldest types 
still extant, such as the Ptyckopsida^^ etc., have no 

meshwork present; and it is denionstrahle that the apparent 


IIY K. .1. TILLYARO. 


f531 

m<»Hhw(irk present iii the iiewcM* tainilies, hucIi as the M 
iUh¥ and Ami(it]ihlih9*y is to l)e tninsl lau'k tt» a siinpler arrari^- 
iiient of numerouH parallel sc^c'tors supp(M*UMl by ei'osK-xeins at 
intervals. It is by the of tlu'se seetoiN, and the eon* 

HCM^uent produet ion of tiunuMsais polyji;onat eellules, that a mesh* 
work appc^aranec has Ihsmi prod need. 

The essential cliaraeters of the original ai*che<Iietyon, as we 
find it preserved in the l*alie<xlietyoptera, an* its irn'^nlarity, and 
the deliuaey of the era>//prf(l um* this term as distinct fismi vein- 
lets or ert»HS- veins) that fcrt’in it. Whether them' first aiswe in 
c!oiineetion with piveedent fine traeheie in the wiiiK-rudiinent, or 
entiivly imlepenilently of them, or pei'liaps paitly in *>ne way 
and partly in the other, we liave now no siin» means of proving, 
Wu can only say that the irisi^ularity of tlieir cours(% and the 
fact that, ill one fossil at least, inacrotrichia Imve liemi found to 
exist upon them, sti*on>{ly su^gost a tnwheal liasis. 

It is n«m iiecesHiiry to show the tiiter-ix^lationship In^tween thi* 
an^hedietyon pifipm*, the veiiilets and eiNiss-veins of the wing, and 
tlie trieliiatiun. Fortunately all these ai'e pivsorvisl t<»gether in 
the fossil Oitier Protomeooptera, fmin the Trias of Ipswich, 
Cjiieensland. 

Plate Ixvii,, figs. 9-10, show' portions <»f the wdng of 
matfHiJica Till., tlie only known rapi'esentative of this Oixler. 
Heiv we may hih» the aiH;hedictyou still complete, hut evidently 
in a stage pi*eparatory to becoming completely merged into the 
wing-membrane. The venules of tlie ai'cliedictyon are not de¬ 
finitely marked out, as in such fossils as Hypt'iineyeUien (Text-fig. 
19), but appear rather as simple ridges of the cuticle, not showing 
any definite venular structui'e. In many places, but chiefly cli>se 
to the main veins, and at the angles of the meshwork, there can 
be seen reunded or slightly oval tubercles, of a diameter con¬ 
siderably smaller than those seen upon the veins thomselves, and, 
with few exceptions, less cleaHy preserved. Thesit are evidently 
tlie bases of insertion of macretrichia; hut, partly owing to the 
weak development of the meshwork that carries them, and partly 
1 >ecansc they appaimtly lay more Hatiy along the wiiig-sui*face, 
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their bases are not preaervcMl as well as those on the veins, awl 
very rarely show the two concentric circles which characterise 
the base of a stiff* and, more upright bristle. In my original de¬ 
scription (a. PI. viii., fig.6), I gave a diagrainiiiatie figure of a 
small portion of the archedictyon of this fossil, much oulargecl, 

T now consider this figure to be somewhat misleading, in that it 
made the inao»*otrichia of the meshw'ork appear as large and as 
clearly marked iih those of the veins, whereas they are always 
smaller, and in most ptirts of the wing more difficult to make out. 
ft will 1)0 readily st^ri from the photomicrographs that it is not 
an easy matter to give a correct drawing of this mesh work, awl 
I think it l)eiter simply to give the photogrepha in this paper. 

Sfi well is this fossil preserved, that 1 have been able to find, 
in several parts of the wing, by the use of careful ligliting, 
definite indications of the fine pitting due U) the presence of 
microtrichia. Their bases of insertion are of about the same 
diameter as that of the average particle in the grain of the rock, 
vis5., from 2 to 3/i. Frera a comparison witli tlio microtrichia of 
Fanorpa^ we may therefore conclude that the lengtli of these 
microtrichia was 40/ji or more; ie.j considerably larger than any 
to be seen in existing Holometabola. 

Measurements of the beautifully preserved bases of insertion 
of the macretrichiu upon the main veins of this fossil show that 
the outer diameter of most of them lies bt)tween 30 and iOp, 
This is much in excess of the sire to be found in the wings of 
existing Others, which seldom exceeds lO/i. Allowing some 
expansion due to the pressure upon the wing during fossilisation, 
it would still appear that this insect possessed macrotrichia very 
much stouter and longer than any now known to exist; their 
probable length was between 300 and 400/i. The macrotrichia 
upon the arohedictyon wore evidently smaller, and probably did 
not exoeed 200/s their bases of insertion averaging only 20/a. 

The cross-veins in the fossil are clearly seen to be developed as 
strong struts between the main veinsj and are quite independent 
of the arohedictyon. With the exception of one or two macro¬ 
trichia that appear to have strayed on to them from the latter, 
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they are found to he quite free from luiirs. Hence they 

sliow no o\i(lenee \vliate\eri>f having U'en fle\elt>|te(l hy straight 
enin^ out of any portion of the archedietyon. If they had Imjimi 
.sodoveloiKxl, it is oJeHr that they iinist ha\eearned inai*Fotriehui, 
whieli they woiiUl if*eeivo from the arehedietyoii itself. 

It will In* seen, from the fossil Archl^Hinor^m^ that the iiiai'i*o- 
triehiu oeeiirrod originally only upon the main veins and their 
IwamdiHs, including the true vcinlets, and himui the aivlmclietyon. 
(Jros.s-veins and inemhiune «if the wing arc aliki* frt?e from them. 
Wlieii, however, the archedictyou is ahstirhed into the mcnihrane 
(as it Ls oil the point «>£ lieing, in this fossil), it is evident that 
the imiemtiiobm that originally rn'ciiirtsl iqion tlie archesliciyoii 
must then IxKsome seated iqKm the memhrane. This will explain 
their appt*arance u[um the ineinhrane in many Orders of Holo- 
mctabola. But, if this explanation lie eormet, then the arrange- 
iiieiit of the luacrotrichia might lx; (‘xpeeded to show some signs 
of tlm original dtssign of the archedictyou. If we draw the })Osi- 
tions of a nunil^er of inacrotriidiia iti any of the older Uoloiiieta- 
liola, wo sliall see that this if» the cast;. For this, it will onli be 
necessary to refer again to Text-fig.22, in which it will be seen 
that the iiiacrotrichia Ih;Iow the main vein there figui'cd tend to 
lie along oblique lines similar to the courses of the venules running 
out from the main vciiiH in the fossil wing shown in Text-fig. 19; 
and, like them, ai*e connected by shorter cmsHdimnches, indicated 
by the presence of macrotrichia lying in internietUate )s>sitions. 
(See also Text-figs, 21, 26, 30, 31). 

Further evidence as to how the inaorotrieliia first appeared 
upon the membrane of the wing may lie obtained by a cai*eful 
study of the ptei'ostigiuatic region in the Planipenuia. Text-fig. 
20 shows this region in Sficmmm immanim Walk. The series 
of costa] veinlets, that tills the costal space in all Planipennia, 
originally extended Into the pterostigmatic region. Here there 
is a gradual thickening of the membrane taking place, with a 
Gorraspondingly giudual absorption of the veinlets; all stages of 
this process can still be seen going on by studying various species 
in the families lleimrohiidcRj Chryiopidmy and MmU%tpido&. As 
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thews veiulets carry inai’nitrichiu, it will ho ubviims tliat, hh they 
disappisur, the inacixitrichia \%ill liecoine wsatrd iipuii the ukmii- 
braiie. 



Text-fij;. 20. 

l*UM(wtif(mati<* umi of foirwiii^ of Aftn-omnn foMtiitinta Walk., Kliowiii^ 
aphatitonuuncooiidition of the voinloln; ( ^ 15). (!, ouhU; U, ludiiiN; 
tSc., HUlKJUHta. 

ThuH we «ee that the evidence both of the fohwl Oi-der Proto- 
inecuptera and of the i*ecent Plani})eniiia agi*ees in {tointin^ to 
the same conclusion :—Maerntvyhia wpvb ttriginaHy carried mdt/ 
npmt the nutiu vehi» and their hrmichett^ and aptm the arcihedieiyoit, 
they itjtiimr nptm the mend}rane by abmn^ittum uf the •rehdeU or 
mnulen^ canyhuj thetu^ into the ntmnbrnne of the winy. 

Fniui this we come to the further eonclusion that :—The 
prettence of macrotrichia apo^i the mendtrane of wimjs of an open- 
reined type (^i.e., one tvhich htut no efoee meehuHirk of nnmnumH 
revue) ie /o be regat'ded as evidefice of the dement of each foi'nte 
from densely ^^Aned fmtne. 

The pi'octsMB by which the aixshedictyoii, or any 8erit‘K of veiu¬ 
lets, becoiiies merged into the inembmiie, may lie termed aphau- 
tomurimn^ and veins wliicli atxs in process of disappeanng in 
this manner may be called aphantonearic, Jt is often possible 
to reconstruct the aphantoneuric meshwork, merely by plotting 
the positions of the mocretriehia u|K)n the membrnne, and join¬ 
ing them up into a polygonal meshwork. Text-fig.21 shows a 
recoiistiiiction of a small portion of the aphantoneuric meshwork 
of the Hawk-moth Catg^ioea triangulariH J>m. 

Having now explained how the Wing-trichiation is connected 
with the venation in general, we may proceed to trace out the 
various lines of evolution within the Orders of the Panoipoid 
Oouiplex. 
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Oirlrr PH<yrOMEC()PTEUA, (Platr Lxvii,, 6;^s.9.Jn), 

Wc! liavo jilmuly (|(>Hcnl)oil hImap tlu* ooiulitioii tlic irichi* 
iitiim in tlic win*' of tin* Tiiassir fossil An^hiimintriHiy tlio only 
known lopivwMitiitivo of tins OnJrr. 
ft will be st^cn tliat 

tliiK win;^(JifYer.sfruiii hK ;/ 

known Holoaiebibolti til * . T;.,•' v 


piVKcnt oxistin;' in lia\ 
ing the arclieclirtyon 
still present, upon all 
IHii'ts of tlio wiiig-niein' 
hrane, in an aphant^i- 
nouric coiiilition, aiul 
eariyiug iiiHcrotrichia 
upon it, mostly at the 
junctions of two or more 
venules. 

Further, it should Ik‘ 
noted that both macro- 
tnchia and inicrotricliiu 




are considerably larger 

in this fossil tliaii in otlicr Holoiiietalsdu. Tlie tendency touanls 
lYxiuctiofi in si/eean lie seen to lieojioruting independently in all 
Ordci-s; it culminates, in the caw; of the iiiicnitrichiii, in their 
complete elimination fixiiii the wings of the higher families of the 
Flanipeiuiia and Ixjpidoptcra; and, in the case t)f the inacrotri- 
chio, in a great reduction in their number and shortoning in their 
leiigtli, in the case of the Diptera and certain Mecoptem. 


Owler MEGAUIPTEKA. (Text-fig. 122). 

The most arehaic members of this family exhibit a iimr ap¬ 
proach, in arrangement of the trichiation, ti> that seen in the 
Pretomecopteia. We have selected the genus Arvhii;hau/iodfH as 


• Armugemoiit of tlie iMises of insertion of the Moales on a smalt portion 
of the wing of the Hawk-Moth Owqaomt triangiOariH Don., to show the 
patten) of the lost arohediotyon; ( x/H)), 
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mi illiistratiuii (Te\l-Jij;(.22): it U^lon^s to tin; iintsi urcliaic: family 
VijrydaiifUt^ of Uio SulM»nler SialoicJcH. 

The arrangement of the irit^hiutton diilerH from l.hat of Arvhi- 
i»n)y in tlie eom))lete Ioms of the ai*eh«Hliciyoii, ami n» 
tlie Hinallei- sixe of l>t>ih mmn'utriehui ami mit'n>iriehiu. An Iiun 


iHieii alimtly )H>inU^l out, if liie tiiai'.mlriehia on any area of this 
wing l»u pIoIUhI out, they will still kIuiw, hy their }K)Mti<mH on 
tiu? tnemhraiie, the jMitterii <»f the lost arehedictyon. There in a 
well develujied serioN of Ntrtmg ert»ss \eiii8 sujiportiiig the main 
^ ^ . veins at wide intervals. 

tlH • veh.l,.ts of the. «*tal 




family •Sn/Zn/n', Huh- 
onlur SiHloi.lott. Heir.ttl- 

juvKent ahuiidautly all 

njtnehia have (juite dis- 
appeami, except round tlie fringe of the wing, and on the ptero- 
Htignmtie area. 

All advance in a d{1101*0111 dii'oetiuu in to bo hoou in the Huh' 


order Kapliidioidea, of which the gonuH Hapkidui will aervo as 
an example. Hero the inicrotrichia have c<iinpletely diMappoai*ed, 
but the irregular thickening of the wiug'tiiombrane romaina as 


* Poii»on of a iiiaiti vein and surrounding membrane from the wing of 
ArchiehaulwdM ffiUltftma Walk., to show tlie triobiation} (x lOO). 
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an indication of Uuit disuppcaraiar. Tlie nifu'i'otrichia liaxoalso 
(]iHa}i)H*arrd fiom tlic nu'iiibriuic, but arc still i»i*cHi;nt on tlic 
vuiiiH. As a lii;[;li hpccialisation, only to be parullcltsl in tin* 
bi^i^be.st faniilicN of tlu^ Pliinipt^niiiai wv iioU* also tlmt the iiiacro- 
* vivliia appear for tliu first time upon tin* triu* ciDSH-voins, tbuK 
rendering Liuuii in<listiii;;4inhliHbl(> fMiiti vcinlcts except by the fact 
that tliey are not pivcisled by traeliea* in Uu^ juipal win;'. 

We may sum up tlie tendeney of evolution of (be Irieiiiatioii 
in tliis Onler by sayin;' that Ijotli iiuteniti'icliia and mierotriebia 
appear to have lK*en, from (be \ery first, of small si/c; and that, 
alt]ion;']I tlie most an'liaic {[renera still show tin* ori;^inal arran^^C' 
meat of tlie trieliiation, preserxed almost in full, yet leduc'tion 
set in \ery early, lemling to tlie hiss of one or other series of 
liairit in nil the liiglier types of the Oiiler. 

The wiiig-trichiation of the Archetype of this Onlei will lie 
taken to be Hiinilar to that of the archaic ;'enus Atrhichauiwtlt^a, 
but with bail's of soinewliat larger sixe. 

Oixler PLAN fPENN 1 A. (Text-figs. L>1), '23, 21). 

The oldest known types of this Oixler show a wing-triehiation 
alimdy speeialised in certain directions. No traces of the urehc- 
dictyoii ai'c to lie found, un<l inacrotricliia have, in every (me, 
been eliuiiiiatod from the ineiiihrane of the w'lng (Text-fig,23). 
This is easily uiiderskHNl, when xve reiiieudier that the wing 
venation of tlie Onler early underwent a uniipie HpcMualisatioti, 
ill the form of a rapid pixiliferation of sectors of the main veins, 
and especially of the branches of the radial sector. Tliis pm- 
duced the ^*Pruheiuerobiid'’ tyjie (still to be seen in recent Pst/ 
chojMfido*) in which the whole of the wing is covennl with miiiier- 
ouH {larallel longitudinal veins, with few or no croBH-vcins sup- 
IMirting them. In the very namiw spaces lietw'eeii thcM* veins, 
it was clearly iin{>osHihle for the aix'hedictyoii to exist, and the 
luaerutrichia upon it piobably disapfieared with it. 

Starting, then, from a type having no luacrotrichia upon thi^ 
lucmbrano of the wing, we find a further specialisation, in the 
higher families of this Older, in the complete elimination of the 



638 


THK PVNotiPOlI) roMPLBX, II., 


inirrotrirlnti. 'riiiiN \\v inayili^idp tlip OnlcM* ititu l>vo 
us t'olUlWH: - - 

(]). Till* iiMMv im;}mu' Mitli niin'otrichiii still piVHi'iit. 

'riifMc mv the Ifhouida’^ HnuvrMuhv^ i>iftn*nlt9\ tSIsi/rtfitt^ tUmnh 
Pttyrhojt8idn\ i\dyntt^vJietklrr^ iinil OHnttfUdtt*, 

(2). The inoi'o H|KH*mlistHl taiiiilies with iiiiurotriehiti uhscMit. 
Tliese ari» the 7V/f7i«»4a/i<ffr, /AToZ/Mf/rr, (jhrymidd<r^ 

Manliapidtr^ Nymphidit*^ X9*mtPpffridtt\ Myvm**htintkiiPy\i\\i\ Anvit 
fitphtd<t. 



I'oilion (d A iiiAiii vein and HUiiHmiidiiiK mciiila'Him ttoiii lliv w iiij; ot ro^ 
ttntH tfmmiidtf Walk.. IdnIiow Uk‘ tricliiiihon: ( 

Ill the tipst ^mup, iiiaerotriehia aiv never finiiuJ upon the true 
eross veiiiH. In the Met;on<h we find in the Tvlvhunmtitli^ and 
Hi^i'i^lhUhp furinn nhowin^ the piKna^ of IIk* inaet*otnchia from 
the main veinH on to tlie emns-veins. For iristanee, in tlie ^iiuh 
StPHohipUa^ the en>sH veins iv.iiiHin without nmcrotrichia, as in the 
^nmp. In Sfm'nutphurHhu **iie or two iwilated inacixitrichia 
limy found uinm most of the eroHs-veins. In 7Vio/wwrt, then* 
is an intense pni) if oration of niacixitrichia ii|H>n the main veins; 
and they overtlow, not only on to the emss-veins, but also, in 
some places, even on to the membraiie. itself. As this genus is 
evidently specialiHed in its excessive Iminaess, thei*e can be little 
doubt that this latter occurrence is in the iiatura of a cienogenetic 
development, and is not to be considered as an arcliaic survival 
of niauixitrichia frnin an original archedictyon. 
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Ajiarl from tlu' i%\o faniilios dealt witli in Uk‘ {iirredii)^ ]mia 
^rupli, all UuiNe listed in the second ^rou|> hu\e the inaerol riehia 
^^ell df!\elu])t*<i upon the (*roKs v(‘ins. 

Another inteivi^tin;' .s])ei*ialis}i,tiun in thisOriler is the de\el 
(»|inienl of which «H*eiir in tlu* family Heritthidfv They 

tK^cur U[H>n a mure or less reHtiieted area of the hindw in;;;, in tlie 
femalcM only, of tin* ;^'enUH Spt^rtmtphtn't^Ua (Te\t -ii;;.:* Iand ij|Nm 


the fringe of the wing in the genus 
iHfm'eliptt'Vou. They are clearly only 
inodiiicd inacrotrichia. 

I'lio Arelietype of this Onliu*, then, 
may be defltiotl as having hml the 
arcfaedietyoii and its ii lacmtrich ta cone 
]»letely eliininattxl, owing to the unique 
specialibation of the venation: the 
inacrotrichia, conbe(}uetitIy, only oc¬ 
curring on the main veins and their 
hranehes, but well developixl; and the 
inierotrichia also present and of uorinal 
sixe. From this original type, the line 
of evolution runs forward in the direc¬ 
tion of eoinpluti* eliiiiinatioii of the 
iiiiemtrichia, with sulwofjuent invasion 
of the cruHS-veins by the inacrotrichia, 



Textlig,‘i4.* 


and with the occasuMiu) formatimi of se^iles (in two east's only). 


Older M KCOFf ERA. (Toxt-fig.2r)). 

In this Owler, inicmtrichia uiv always exceetlingly well de¬ 
veloped all over the wing. Maei*otrichm are found uikui the 
main veins and their bmiichcw, but never upon the true cross- 
veins. Tlie ai'chedietyou has Ijeeii completely eliininateil, but its 
macixitrichia still persist uim>ii the wing-iueiubratie. (Text-tig. 25). 
Owing, however, to the siiiull iiuiiiIhu' of luacixitriehia that can 

• Portion of a main vein from middle of bindwing of S^usnttophore/fa 
ditmminatu Till., 9 , ahowing nurinal maorotriohia inteiwporscd with hoocI- 
like aoales; (x 90). 
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!«' HccuiiiiufxUU'tl ill tiio sf>im^w]ial nariDw spicoH iietweeii the 
Minin M'iiiH, tln^ ori^tiinl patturit olf t)i(* aiviiiHiictyon beruiN to 
Uvinuo luHt, and the nniorotiichia of the (lUMiihrane bond t<i 
beoonm aiTati/^ed in setH o<*eujiyin^ tiio central |mrt of 

any cIunocI area of the wing. 

The line of evolution in thiN Oitliu' In lowardH a gntdiial 
olifninatioii of the inu('i*obrirliia ft-oiii the tneinhmiie of the wing, 
and a nnluetion in tlieir ni/e elnewhere. Tn the most ai*ehaie 
families, siieh lis Mvrupuhv (Text-tig.25) and (Plate 

Ixix., fig.]>i), tliCKe hairs aivstill t^ils^ found u|s>n the incnibmne, 
in almost every jMirt of the wing. Tn the /Vnw/eyy/V/re, we may 
siivi the stag4*K of gradual i^liiuiiiatiou from the basal areas of tlie 



Te^i-Hg.2«>. 

A single am>le fitmi the wing ol iVrm/ii' Uihtr Newin., to show the triohi^ 
atioii; ( X 100). Note the almeiioo of inaorotnchia from the tM’u 
ui'OHs-veiiiH buuiiding the areole. 

wing, while those left in the more distal aims lieeoinu, for tlio 
most part, very i^egularly airaiigerl in rows {lamllel to the main 
veins. In the yaviioritftnstifjUv^ we see a furtlier stage of reduc¬ 
tion n»w)uxl, the niaci*otrichia lieing liera entiraly absent from 
the membrane of the hiridwing; while, in the forewing, they only 
remain upon the anterior portion of the pterostiguia. Finally, 
in the highly specialised /iitUusidte^ all the inacrotriohia have 
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(lisappean^cl from tlio nieinbraiio, while tlioso left upon the main 
veins have become short, stont spim^s, n^semblin^ thost' foniul in 
many Dipb^ra. 

As tlie ti’n<» cross-veins aiv» always wetikly chitinistHl, and 
entnvly free fnun maer'otrieliia in this Orfler, we have, in the 
inacrotrieliia. a xaluable aid in the tracing out of the courses of 
the mum \eins In many jLjenera, the extreme base <»f ('u, is 
sharply l»ent up to join >1 not far from its origin, and so takes 
on the appearance of a cross vein. Ihit the true natmr of this 
vein is still pr(K',laiimsl by the pri‘scnce of vvcll-developisl macro- 
Irichia upon il. 

To sum up, then, we may eharaeterise the Arelu*tyj»e of this 
Order «s <lilferiii^< fmiii that <»f the Pitttomecoptera only in tlie 
complete loss of the arched i(*t yon. Wliile the minx it riel jia n*main 
constant throughout the coursi* of evolution, the macrotrichia 
undergo a grarlual reduetion in size and number. 

Oixler DIVTEUA. 

(Mate Ixviii., fig. 12; Plate l.xix., fig.M, and Text figs.20-29). 

We take this Oixler next, sinee it appear-s to U*, on the evidence 
of tlio wing-trichiation, a f(im*t evolutionary derivative fnun the 
l)ase of the Order Mecoptnxi. 

Tbniughout the Order, micnitrichin aw pi'esent upon the wing. 
Macrotrichia are to be found upon the main veins and their 
hmnches; they tend to become reduced both in size and number. 
Tn only one family that I have examined are macit>trichia to be 
found upon the membrane, viz., in the Rhyphidfv (Plate Ixviii., 
fig. 12, and Text‘fig.26). Tn this family, tlie structure and size 
of the macrotrichia are closely similar to those of the older 
Mecoptem. The arrangement of the macrotrichia upon the wing- 
membrane, however, shows the pattern of the archedictyon much 
more definitely than in any existing Meoopteron; so that, on this 
character, the Rh^phid<» can only be derived from a very early 
form of Mecopteron, if they are to be derived from that Order 
at all. In this conrioctioii, it is interesting to noto that the 
family Rhyphidm combines within itself chaiucters of Ixith the 
Neroocera and Brachycera. This accords well with the condition 
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of tho x^in^-triehiation; and the two chaiucttus taken togetlier 
that this family repi’CHents one of the most aivhaie types 
of liipteism still exisling.* 



Text-6g.20. 

Poiiinnnf two main veins unci the inolnrltsl iiiemhraiie fmiii the ii*ing of 
Hhypknt* Walk., to show the tnchiaiion; ( x 131)). |See alsi» 

Plate Ixviii., 6g.12). 

Fnnn the type of trichiation still existing in tho all 

other types to be found within the Order are derivable, by 
elimination of the inacrotrichia from the wing'meinbmne. Tluni* 
are, however, two distinct linos of evolution to he traced, in one 
of which the inacrotrichia tend to become slender and elongated, 
and Anally develop into Mcales; while, in the other, they tend to 
become short and stout spines, and also become giwliially 
eliminated from all except the anterior veins and costal border 
frf the wing. 

Ah conspicuous examples of the Arst line of evolution, we may 
take the Moth Midges or PaychtdidtH (Text-Ag.27), Heix) we 
see the macrotrichia os slender hairs abundantly present upon 

* In this noimeotion, it should be noted that the short vein usually oon- 
sUlered as a orosn-vein connecting On, with M. In HhyphiM is really the 
basal piece of M 4 , since it carries maoroiriohia. On the other liaiid, the 
vein below it, psually considered to be the basal portion of Cu,, is a true 
oroBM-vein and cairicH no niaoi'otrichm. 
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all tho iiiaiti veins and their hninehoH. Heiv and theiv those 
hairs are to In* '^li^flitly llattened out, forinin^y delicatt* and 

narmwly lanoeolute scales. 'I'he culmination of this saiiie line of 




Text-fig.*27. 

Tw'o portiniiN of a single main \ciii from the wing of Np , 

(Honisby, N.S.W.), to show the irichiation On the left, nuriiial 
maerotriohia, one ur two slightly flattened; mi Mie right (diHtat end 
of vein), narrow lanoeolate sonleH; (x ,373). 

evolution is t-ii be found in the (JvlifAdiv ('rext-fig,28), in which 
all the macrotriehia, even thow* along the wing-lM)itler, liave 
become seales; and tho*«» scales, in most eases, are of hixmd form 
and spocialiAed sculpture. 

Along the second line of evolution, which has \yisou followed 
by many families of Nemocera, and alfio by the whole series of 
the Bmchycera and Cyclorrhapha, we can follow out the gradual 
elimination of the maerotriohia, through such forms as the 
Tahatiidtr^ where they aiv still present in large nuinlierH on the 
inoi*e anterior veins of the wing, to the higher Cyclorrhapha, 
when* they finally <jease to exist any where except upon the costal 
iKiitler of the wing. Text-fig.29 shows the type of short, stiff 
.seta int4) which the macrotriehia deveUipin this line of evolution. 
It shfiuld bcMiotiired, also, that, ctmcurrently with the broadening 
and strengthening of certain veins, the maerotriohia upon them 
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I'HHMHiu* iirranj^ed two, or pvoii four I'ows deep, ko that tho 

vvhoK* vein takos on a spiny iippcwranco. Concurn'iitly with this 
chaniji* in tho m»u*n)tnohia, wo find two lines of evolution of the 

ini<‘rotriehia. 1'hey either underfco 
i^radual iwhietion also, until they 
heeoine jvartly or entirely eliminatHi, 
as in the family or they may 

I'onuiiii well developed, with a difter- 
entiation w'ttin^ in in the size of the 
two sfuies on the npptn* and lower sur¬ 
faces of the wiuj/. fn this latter cows 
the mienitriehia on the surfaa* 

iiien^ast' f*oiisi<l(u*ably in sizt^ while 
those of the lower surface ivinain fairly 
constant. This development takes 
place in the Myiorlai-ia, and is especi- 
ally well shown in the Mnscidf^. Fii 
the Blowfly, for instance, the micro* 
Text*fi^.28. trichia of the upper surfiu^ of the winf( 

are quite AO/ea in length, and are set in 
large, swollen hoses, while those of the lower surface ai*e only 
al)out half as long, and have the usual sinall bases of insertion. 
(Plate Ixix., fig. 14). 




Text<flg.l29. 

Sinall portion of a main vein from the wing of Tahtiunn up,, (Hornsby, 
N 8.W.), to show the triohiation; ( x 200). 

While, therefore, the main mass of the Diptera shows consider¬ 
able specialisation in its wing-trichiation, we have to postulate 

* Small portion of a main vein from the wing of a Mosquito, Mueidm 
tJtittrmna Weitw., 9 , to show soales; (x 200). 
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for tl«R Onler, on acfount of the oxiRtence of the aivliaie /fA.y- 
phidtp^ an Airhetype similar ti> that of the Mecoptera, but with 
the miemtriolna somewhat smaller than in that Order. 

Onler TU K^HOn’EUA. (TeNt-figs.:«), :M). 

Ill this Order, the most an'.haie tyjies, such as tlie RhyavttphU- 
tdr#*, already show eonsiderahle speeialisHtion in their win^ tri- 
ehiation. The arehedietyon is always absent, but its inaerotriehia 
are pivsent upon the w'in^-inenilirane, and ivniain there, on the 
whole with ever inereasin^ abundance, as we pass to the highest 
types within tlie Onler. Mien>triehia aiv present throughout 
the Onler, hut aiv always Kinall, averaging alsnit in length. 
Macrotrichia ai*e present upon the main veins ami their branehes, 
hut never upon the few' and weakly developer! cnisH-veins, exrs^pt 
in the cases where the proliferation of these hairs iipr>n the mem¬ 
brane leads to a sr^midary irnasiofi of all (larts of the wing. 



Text-fig* so. 

Portion of two main veins and the iiicliulerl membrane from the wing of 
Rhytico^iikUa doria/i« Curtie, to show the triohiatinti;( x lOiS). (Miom- 
triohia are slightly exaggeiwted in this figure). 

Tn describing the macnitrichia of the Protnmecoptera, we have 
already mentioned that those found u^ain the arehedietyon were 
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Horiiewliat smaller in Nize thiiii tliose upon the veins. Tliisdiffer 
enoe is also to be Heen, Hoiiiewhat iiiorf' inteiiHiRed, in the older 
types of Triclioptera, as may be seen in the 6^urc* taken from 
Hhyarophila ihrmnliH (Text hpf.HO). N4)t only ai*e the inaemirichiH 
<»f the \eins lar^ei, but they remain tor the most i»art straight 
and stiff, \^hereas tliowMjf the membrane (derived originally from 
the iU’eh(Hlu*tyoii), aiv sleiulei'er, and inelintxl to 1 h^ slightl}' 
eurvixl. 

A single linoi»f e\ elution may Iw said tochnraoteristi the whole 
Onler. H eonsists in the gradual greater and greater prolifera¬ 
tion of the inacrotriehia of the inenihrane, together with various 
speeialisations of the inaeroti'iehia U}m)ii the veins. Thus then* 
IS pnalueed that ex(;<‘SHively hairy type of wing that is especially 
ass(x;iated ^^ith this Order. In many genei*a, the stiff bristles of 
the veins lieeoine nxhiceii, either in part, or altogether, to the 
same type <»f slender flexible hairs that we find upon the tueiii- 
hrane; in others, certain sets of hail’s, especially at the bauii of 
the (Mihitus, liecoinc erect and bristly. Tn the IIydroptiHdm^ all 
the macrotricliiii of the foi*ewings iMseome erect and thickened, 
while ih(} hind wing develops an exceedingly long fringe*. 


a 



Text-flg.31. 

Knrrim of soaloN found in Triohoptera : a, a narrow, lanoeolate scale, with 
single longitudinal stria, from wing of on unnamed f^ieptooerid 
iHmken Hill, N.S.W.); ( x 351)): h, a lanoeolate scale with three 
longitudinal striie from wing of Ptettrcfarmin yra^^nhorMi Kol.; 
(x400). 

The slender, flexible macrutricliia of the membrane found in 
the wings of Trichoptera ai^ exactly comparable with those of 
the PsyehodidiH in the Order Diptera (Text-fig. 27). Like them, 
they are easily ofuivortiHl into elongated lanceolate scales, Tlie 
simplest type of such a scale is one in which the flattening pro¬ 
duces only Huflicient width to allow of the development of a single 
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K^ria (Toxt.'ff^.>3l.ir). iSurli s(*alt]s iiiuy Ik* Jfimiid in 
t|iiit<5 II miiiilH!!* of isolutt'd jiioiu-m within the Oiiler. Piirthor 
Imikulniiiiifr leads to tlio miditioii of a scvoiid, tim'd, or even ii 
fourtli parallel stria. 'Hie Ik'h! developed series known to me in 
this Oi-der an* those t»f the peenliar *;(*inis (Text-fig. 

whieh always show thi-ee or four stria*. 

Certain groups of genera show a tendeney to the ixHjiU'tion of 
the hairiness of the wings, whieli is evidently of a secondary 
riatiin*. In the siihfaniily this eahiiinat4*s in 

the evolution of a nuinlM*rof forms with tin* wings almost flev<>id 
of inaci*otrichia. 

Ill oonclusion, t!ie Aivliety|H' of tins Order must evidently 
have Itiid a wing-trielnation closely resoinhling tliat of Rhifu- 
cophila^ witli the arehedictyon aksent, its uuuu'otriehia pre¬ 
sent ujsui the inenihrane, and alix*a(ly diffenng considerably, in 
their smaller sixe, and slighter, more fiexihle build, from the 
larger and more hristlo-like tiiacrotriehia of the veins. Macru- 
trichia were absent fitmi the cross-veins, and the mioixitricliia 
wore already reduced to a small size. 

Order LKPIDOPTERA. 

(Plato Ixvili., fig. 11, and Toxt-figs. 21, 32-34). 

In tliis large Order, it will only lie neeossary to stutly fully 
the iiK^t archaic tyiies; in tlije higher families, only the general 
trend of the evolutionary effort ncefi be cotisidetxxi. 

We take, then, first of all, the tliroe families of the SulxU'der 
Honioneura, viz., the* l*rutothevrid<Hy and ihpi- 

a/tG{tr. In all of these, inicivtrichia are present, but ex(»*cKliugly 
minute, never exceeding 2/t in length. They have l^n called 
in this Order, and an attempt has lx*eii made to class 
together all tluwe faiiiilies, in which they occur, a.s the “Aculeate*’ 
liepidoptera. They occur in a number of the older families of 
tile Heteroneutu, as well as in the Uornoiieura. Hence it will 
lie seen that this inetiiod of classification is faulty, and should 
not be persisted in. Tn all the higher families, niicrotnehia are 
no longer pixisent; hut it is evident that their loas has been 
eftected along many lines of advance; and that an nsHociation of 
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nil ^^iioii'aculeHte*’ forms into otieSiiborfltM* would l>c as unnatural 
a gi*i>upin^ as it would also l>e in the Order Plaiiifwnnia. 

The most Htriking ohararter of the Oitlor Ijepuloptera i» the 
spoeialiHation of the auu'i'c»tri(*hia as thnmgliout the whole 

Oixicr, fnan the htwest t<i the highest forms. Although, as we 
have already seen, m*ales are to ije found on the wings of other 
Orders of Holoiiietalxila (Planipeniiia, IHptera and Trichoptera),' 
yet ill eacii east^ they oidy is^cur HpastiitKlieally, an eae e n of high 
s^KieiaUHatioii in one or inoi'e isolated groups. But, in tlio TiUpi' 
duptera, the* scaledieariiig liabit is an ortiinal character, t)ie only 
t'xcteptioiiH to which can lie tnici^l deHnitely to ratixigressiuii 
in the iVy/jAirf/e). 



Text-fig. 82, 

Siiiail |H>rtioii of a nmiii vein and adjacent memliraiip from Uie forewing of 
/Nxrfo^/irom peirot^rtnn Meyr., Africa), to show the triohiation; 
( X 2110). (From a partially descaled speoimen). 

In order to establish the pixKif that these scales are modiiled 
niacrotrichia, it is only necessary for ns to study such an archaic 
type as Pntf'idh^om* (Text-flg,52), in which the macrotrichia 
upon the veins remain in their original state of somewhat flexible 
hairs, while the arrangement of the bases of insertion of the 
scales upon the membrane can be seen to oormpond witli the 
pattern of an original arohedictyon. It will also be noticed that 

* For the supply of material of this rare genus, I have to thank Dr, 
Ptringney, Direotor of the 8ouib Afrioan Museum, Capetown, 
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the HTAlen that lie closest to the veins are elonj^ate and narrow, 
and that, the further we away fnnn a vein, the ht*oader and 
shorter the seales befoine. Thus we can find, in this one insect, 
all Btaj^es in the evolution of a scale from a inaci-otrichion present 
upon difierciit parts of the wiiijf. 

Similar variations in the form of the scales, ronnt3i‘tecl with 
their positions in relation to the veins, are to l>e found in the 
(Text'fi^*.*til); hut, in this family, the broader 
scales aiv much moiv ahiindant, and may frequently be seen <juitc 
eloM* up to the veins. 


I 



TexlfiR.»B. 

Thi*ee types of mqs1«h found in the family Micropfetf^uhr; ( x 400): flf, from 
Ericemttia Metnif^u*pttretlatif^ph,i h, fioin Mnrmoniea mtltpitrptireffa 
Haw.; r, from SalMfiitca tnrontfmd/a Walk. (All tliiw types may 
la* found upon any one Ketms). 

In the Ixjth narrow, lanceolate oGalcs and moder¬ 

ately bnjad, oval ones aro scattered all over both membrane and 
veiiiH, interapeiml with fairly numerous, slender, flexible bail's, 
or maerotriohia which have remained unaltered in form. 

It will not be necessary, for the purposes of this paper, to 
follow out the many specialisations to be found in the scales of 
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tiu* Hetemnoura, I’lH'mi Iih\o aliviuly U'eii very fully dealt with 
hy many authors. 

lUtturiiiii^ to I he Pmhithrttndii*^ it is of the \ery gix^atost 
intui^*st to note that tracoN of the original archcciictyuii are Htilt 
to Ix^ found in this aieltaie family. Tn Text-fig.*14, and Plate* 
lx\iii., Hg.l 1, I show the very definite aiehedictyoii that ia to U* 
sten alxnu the rarliuH. fjeie, not only do tlie macietricliia 
(whicli, in this legion of the »ing, aie all neiileH, not liaira) show 
very clearly the original arrangement of the iiicnliwork, hut there 
IH actually a xliglit thickening and darkening of the inenihmtio 
forming the ai'chedictyon itself. Allowing for the difioretice in 
the sizes of the two a ings, this condition in Pmtoth^ora is closely 
similar ti» that praserved in Archipmwrpa. Though 1 have nut 


Text-fig. 34. 

Portion of the aplmiiUaieiirir arohediatyuii presei vvd atM>ve the radiUH of 
the foix^wing in Pfy^oihforfi Meyr.; (x 130). (Mee also 

Plato Ixviii., fig.il). 

been able to find so gfiod ati example of an apbaiitoiiouric archo- 
dictyori as tliis, anywliere else within the Older, yet there ai'e 
numerous eases in which what appcaars to lie the last ramnant of 
the arcliodictyon mii lie seen in praximity to the veins, usually 
ill the form of a series of slightly darkened and thickened spurs 
projecting almost at right angles to the main vein u|ioti which 
they abut. 

lieviewing the a^ve evidence, it would seem that, in the 
Lepidoptera, the formation of scales must have begun befoi*e the 
complete disappearance of the arcbedictyon. lliis suggests that 
the scales in this Order must be an exceedingly arcliaic character, 
originating in a specialisation of some type belonging to an 
ancestral Order in which the archediotyon still persisted. 
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Heiicd w*‘ conclucl<> that the Ait?hetypt' of this interesting 
OrcJer must have iHiHSeHsed at least some jKU'tionsof the aphanto- 
neurie arelu'iHctyoTi; that it alsu (kiks(«hh(hI inicrotrieliia of miinll 
size, aiul that the intie rot rich la, though I'emaining as slender, 
Hexilile hairs upon the were largely intei'spersed w-ith true 

H(*aleH u|H>ii the w'ing-inemhraiie, sueli scales lieing i>f elongate, 
lanceolate form, with few strne. 

We have now to i^view tlu* evidence, in oiiler to dis- 

eo\er wdiat light it throws upon the Ph^dogimy of the Orders 
iiiohided in tlie Panorpoid Coniph^x. 

First tif all, it must lie evident that, as far as tlm NVing-tri- 
ehiatioii is conotu'iietl, all six Orders may w'ell have lieen derivcnl 
fiHiin a single aneostral Oixier ehara«’teriswl hy the following 
(Kiints: presenct* of an aphantoiuninc airhedictyon, presence of 
nuoi*otricl]ia all over the wring, and presence of w*el1’developed 
lnacl^)tnchia \\\mi the main veins and their branches, and upon 
the arche<hctyon, hut uof upon the true cross-\einH. 

Such a type is pi*i^Herved in the fossil Archijiawirpfi from the 
Trias of Ipswich, Queensland. This fossil itself, however, cannot 
have Ixsen the ancestral form, since the Mecoptera, Tnchoptem, 
and Planipennia, at any raU^ ai*e contemporaneous with it, while 
the flrst of these three Orders goes back also into the Permian. 
For the actual ancestor we must pustulate some unknown type 
of the Lower Porinian, or possibly even of the Upper Carboti- 
ifemus; and whether this ancestor is to be considered as belong¬ 
ing to the Protomocopieni or not, will have to depend upon 
other characters not dealt with in tins Part. 

Let us now follow the evolutionary clianges of tlie various 
structures of the wing separately. 

The Archedictyon:—^This undergoes complete suppres* 
sion in all recent Orders, except only in a few Lepidoptera, where 
distinct traces of the meshwork in an aphautoneuric condition 
(but not so well marked as in Archipanw'pa) are still to be found. 
This is well shown jibovc the radius in the furewing of 
thmra petrouema Meyr, (Text-fig.54, and Plate Ixviii., fig.l 1). 
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Aftor th« elimination of the archedictyon, the ham^M of iiiner- 
tion of the ]naen>trichia left upon the memhmiie of the wing atil) 
show, fairly plainly, the origilial pattern of the lost mesh work. 
A study of the inesliwtirk in the figures of Protothfcn'a already 
i^fen*ed to will soon eonvince uh that it is possible to reeonstruet 
the 00111*80 of the ineslmork with fair accuracy, by joining up 
the bases of the macrotrichia along the lines which they still 
indicatt*. The resulting figurt* will not l)e coriiJct in all parti¬ 
culars, since soiiie of the ciims-vetiules of the mesh (\a not curry 
any macrotrichia at all, and would thei^efort' tie omitted in the 
i*ocon8ti'uction; while, in a few cases, the positions of the macro- 
trichia are moi*e or less misleading. 

In s|)ecialised cases wlieiv the mam'oti'ichja pniliferate fi*eely 
on the veins and inemhnine, as in the casc» of the higher Hetenv 
neiimus lA^pidopteiu, there are always mon^ than sufficient macro- 
trichia to ensuiv an aocuraU* tracing of the original pattern of 
the arcfiedictyon. This is well shown in th(» figui'es of the Hawk- 
Moth Vasqnom triatufvhvrlH Don., (Text'fig.21). Jlen* it will be 
seen that the mesh work, prolmhly while it was still aphantoncuric, 
tended to become arranged into alm<ist parallel lines eoiiiUH^ted 
by irregular cross-pieces; It is this tendency, carried to its 
highest development, that gives the very rt^gular arrangement of 
the scales seen in the Buttei*flies. But in all cases, by careful 
study, it can be seen that the arrangement is a inoflification of 
an original ineshwork, and not a series of unconnected straight 
lines. 

The evidence afforded by the archaic Khyphun in the Diptera, 
and by both the Homoneura and the older types of the Hetero- 
neura in the Lepidoptera, points definitely to the conclusion that 
these two Orders, like the less highly specialised Orders of the 
Panorpoid Complex, had their maciotrichia arranged upon the 
membrane in the original positions which they occupied upon 
the aphantoneurio archedictyon. 

The Microtrichia:—^Thoughabsent in the higher types 
of some Orders, Megaloptera, Planipennia, Diptera (a few), 
and Lepidoptera (the great majority), yet they are found to be 
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prefient upon tlie wings of ttrchaic typos <if all the OHera of the 
Panorpoid Complex. The lino of evolution is towards redu<*tiofi 
in size in all the Oiders, with the single exception of the Myio- 
daria in the Diptera, where there is an increase in sixe of the 
microtrichia upon the app^^r surface of the wing <iiily, resulting 
in the interesting condition found in the Blowfly and allies (Plate 
Ixix., fig. 14). 

T h t' M a c r o t r i c li i a:—A study of archaic types, include 
ing the fossil shows us that theM? were onginally 

present upon both archedietyon and main veins, but not upt>n 
cross-veins. Moreover, pi'obably Ixscause <»f the compamtive 
weakness of the venules of the archedietyon, theiv w'os, from the 
very first, a considemhle difference in size l)etween the mao rev 
trichia of the veins and those of the mesh work. The macrotriohia 
of the veins also tended to be more erect tViau thtise of the mem¬ 
brane; so that, in the fossil An^hiptimn'pa^ their bases of in¬ 
sertion show the two coiiceiitiic circles of the raisetl disc very 
clearly, while those of the iiieshw<irk mrely do so. 

We sLvo tljUH led to expect the following lines of evolution^ 
which do, in fact, actually take place in the various Oiders of 
the Complex:— 

(1) ff the dii'ection of the evolutionary effort be towards itr 
duction, then the inacrotrichia on the mesh work slitmld he 
afiectod first, since they are smaller in size from the first, and 
inserted in less strongly built bases. 

As a matter of fact, it will l)e seen that the tendency towards 
reduction in the smaller inacrotrichia becomes accelerated in the 
course of evolution; so that, in many cases, they become quite 
eliminated, while the niacrotnchia upon the veins may even pro¬ 
liferate, though usually undergoing some reduction in size as 
well, os in the liigher Diptera. 

(2) If the direction of the evoliitionaiy effort he towaids the 
formation of scales, then the macrotrichia of the meshwork should 
be affected first, since they are in a more favourable condition, 
both as regards their delicacy of structure and the condition of 
their bases of insertion, to undergo this change. 
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The fomiation of scaleM in the Lepidoptera and Trichoptera 
agrees with tJiis; since, in archaic families of the former DitJer, 
and in all scale-bearing genera of the second, wc can still find 
some at least of the inacrotrichia on the main veins remaining 
in the form of liairs. Judging also from the tendency, in the 
Lepidoptera, for the broadest (most highly evolved) scales to 
appear furthest from the veins, while narrow lanceolate scales 
are found nearest to the veins, we ai*e led to the same conclusion. 
Actually, the covering of scales is not needed so much upon 
the veins as upon the membrane, and the original condition of 
the macn>trichia is such that the need of the insect is to l)e met 
along the easiest line of specialisation; those inacrotrichia 
whose alteration into scales would most benefit the insect also 
happen to be those in the host condition to undergo the change. 

In the other Orders in which scales appear (I)iptera, Plani- 
penriia) it should be noticed that they are a comparatively late 
effort, which takes place alter the maci'otrichia have been com* 
pletely eliminated from the membrane of tlie wing. The scales, 
in these cases, are formed from the inacrotrichia left on the 
veins. If these are still somewhat bristly, as in the Planipeiinia, 
a hard, seed-like scale is produced (Text-fig.24); if, however, 
they have l)ecome slender and delicate, as in tlie and 

Cnlinidm^ then the resulting scales will msenible very closely 
those of the Lepidoptera and Trichoptera. 

The changes in position of the inacrotrichia, in connection 
with the disappearance of the archedictyon, have been already 
dealt with above. 

Taking all the above evidence into account, we may reason¬ 
ably come to the following conclusions, as far as the limitations 
of this Part of our study permit:— 

(1) The fossil Order Protomecoptera is undoubtedly the most 
archaic type known within the Panorpoid Complex, as regards 
the characters of its Wing-trichiation. 

(2) A single line of descent from the Protomecoptera to the 
Mecoptera, and from the very base of this latter Order to the 
Diptera, is strongly indicated by the uniform type of trichiation 
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in these thiw Oitlers, toji^ther with the very definitt? 
evolutionary tmiid towarrls nvhictuin. 

(3) A second line of descent is less deftnitoly indicaterh 
prisinji' the Me^aluptera and PlanijM'iinia, in which tlic evolu¬ 
tionary tendency ruiin towards e-arly complete Hiippi-ession <d 
the jnfu*rotri<*hia upon the membrane of the wing, and a later 
invasion of the mac nil rich ia from the main veins on to the cniss- 
veins, ciilrniiiHting in tlie Haphidhndea on the one hand, and in 
the higher Planipennia on the other. Both Oiflers may well 
have tieen derived fnmi an early type of Pn>tomec.'opten>n, but 
neither of them can la* derived fmni the other. For the <ildest 
Planipennia have tlie largest mien it rich ia, while the wildest 
Megaloptera still i*etain tlie macnitriehia upon the membrane, a 
condition which is not to Ir* fotiit<] within the Planifiennia. 

(4) As the Tnchoptem sliow a mon* archaic condition of the 
inaci*otrichia upon the membrane tlian do most of the Mecoptem, 
they can only be* derived either from the very liase of tliis latter 
Ordei*, or from tlie pi*ecer]ing PiH.>toinecoptei'OU8 type. 

(6) In the Lepidoptera them exist certain types tliat show 
portion of the archedictyon still pmseiit in an apliantunouric 
condition: ivliile, in niiuiy otliers, the pattern of tlie an;hedictyon 
is well pmserveil. Both tlie oldest Trichoptera and tlie oldest 
Me^aiptera are in advance of these types. Hence we can only 
trace Imck the Fjepidoptera to the Protomeeoptcrous or some 
similar, extinct type, and may not derive tlicin either fmm the 
Mecoptem nr fmin the Trichoptera. 

Though the concliishins to drawn fmin the structures 
studied in this Pai't am somewhat indeBnite in tlieinselves, they 
will he found to be of considerable value wlien taken in <;onjunC‘ 
tion with the rest of the evidence. Also, in the study of the 
Phylogeiiios of the families of each separate Oitlcr, (which lies 
outside the actual scope of this paper), a gi*eat deal of very valu¬ 
able evidence may lie gathered from the Wing-trichiation. 

Wo may conclude this Part by giving, in tabular f<irni, the 
principal charactem of the Wiiig-trichiation for the different 
Hinders— 
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TaBLT, ok the CuNOITlON OK THE WlNO-TRlCIlIATIUN IN TIIL OrOKUM OP THR 
PAN’(»KPCirD OOMI'LKX. 
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KXPLANATION OK PI.ATKS LVIl -lAlX. 

Plate Ixvn. 

KiR.il.—Portion of forewinR i>f the foRHil ArrhijMxnoi^fia tmttjmjtca TiW., 
showiiiR the aphAiitonenrie areliedictyon with tuliereleH representiiiR 
the lioflea of iiiflertion of the inaorotriehiA; also ahowjjiR portion of 
the mam veins R, and R 4 , with eleaily markeil luiHes uf iiiHortion 
of larRer iiiaurotrii^liia, and ei'OHH-veiiiH without the same; ('^27)> 
Fir. III.'—Part of Kig.tl, further enlarged; (X 4:i). 

Plato Ixviii. 

Kir. 11.—Portion of forewiiiR of l*i*otQthra»'tt itett'OMftiia Meyr., (Tii^pidopteia; 
S. Africa), ahowniR the rodtUH, with theaphantoneui ie aroluNlietyun 
above it, earryiiiR Rfiales (maomtrichia); fnmi a ideareil mount of a 
partially de-fu'aled Hpecnmen; ( x 50). 

Kir. 1*2.— Portion of foiwniR of ht'eria Walker (lliptcru), HhowiiiR 

difitrihutitJii <if riiiorotriehia and iiiAcnitrjohia; iiioRt of the latter 
have lieeome detached fmtii their liOHea of iiiHertion; ( X 4011). 

PlaU* Ixix. 

Kir. I«k—Apical portion of foi^wiiig of (JhortMfa atmtrniU King. (Mecop- 
tera), Hhowing distribution of inicrotriohia and macrotrichia; notioe 
the abHenoo of the latter from the nroHn-veina; ( x *2110). 

Kig, 14,—Portion of forewing of Blowfly {CdKiphot'a la/fom Denv.; IMptora), 
Hhowing the two typi^a of miorotslohia; the larger onen are on the 
upper, the smaller on the undersurface of the wing: ( X flO). 

(All figures are from photomicrographs, Figs.iMO from the actual fossil, 
Figs. U-14 from cleared mounts of wings'. 
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A STUDY OF THK EXTKRNAL miEATHTNG-APPA- 
HATUS OF THE LARV^] OF SOME MUSOOID 
FLTKS. 

By John L, Fboouait, B.So. 

(Plate Ixx.) 

Hetvtofon*, in the identification of diffciviit Kpecies of fiios 
fmin riiaf<gotH collected, the perfect Hies have hiul to l>e hrccl-out. 
But, in the courne of the work of the Oovernment Sheep-Fly 
Experiment Station, this inetliofl was often impo 8 HihIi\ when 
packetH of maggots wetH) receiverl doa<l or rottcti. By ineana of 
the uiicrnw*o})e, I liavo found that an exiiinination of thc^ Hpiracles, 
ill {Mirticular tlie posterior Kpiracles, gives a suix* and <*<*110.10 
means of identifying the diflerent species he>t> dealt with. As 
their description lias not piiblishod }ieretofc 3 re, tlio i^esults 

are hei*e I'ecorded, In every casi‘, the types w(?re pn>euitxl from 
eggs deposited hy eiieli sjiecieH of fly, <ui meat in the field- 
laboratory. 

The species dealt with in this paper are:— 

AtiasinUorhifia augur {Cailiphtwa o<*caawe), 

PM^iia ntygia {Cailiphora villom\ 

Pycmf(<nna nt^acies {Cail^hora rufi/tuntts). 

Pgcuoeoma varipeM (CfMphora 
Lucilift serieata, 

Ophyra nigra. 

The spiracles, in all probability, exorcise a most important 
function in the destruction of maggots by poison. Careful ex¬ 
amination of the skin does not reveal the prince of any pores; 
the organs of the maggot may be looker! upon as lieing enclosed 
in an india-rubber^bag, the only openings into which are the 
gullet and anus—the extremities of the alimentary tract—Huid 
the anterior and posterior spiracles—the ext^mities of the 
respiratory system. Those anterior and posterior spiracles are 
connected by two main tracheie, from which branches ramify 
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tlu'OQ^bout tlio biwly. AbstM'ptioii will, in all probability, tako 
place slowly thixaif^b the skin, but the aclioii of some lu|iii<ls is 
far tcHi rapid to admit this happening, so that, in thcM* eases, 
attention must 1 h* jiaid to the openings int«> the iKsly. I am not 
at pivH(>iit 111 a position to ]s»intout more than the possibilities 
of this point, but it is receiving further attention. 

The absence 4if jsires in the skin of the ma.sr^otsof these species 
is extinnely interestinj^ as well as curious, Imcause the larva* of 
most other insects, and even iliptera, hIhiw definite, well-marked 
pores. 

Tin* anterior and |Mwtenor spinieles aiv t^itally iliffereiit from 
one. another, the most .marked specific diffidences bein^( j^iveii by 
the latter. 

The anterior spiriicles an* sitiiahvl one on either side of tin* 
ImkIv, on tlie first tlio»7icie segment. Tn shape, they n*semb]e a 
eap with a sliarp upper entge, and a imvof tjisseds along thisislge. 
The caps an* eliititiised jirojeetions of the two main tnicheie on 
which they fit by a thickeneil ring: and it is fmni this demarca’ 
tion-liiie that all measureiiieiits an* taken. Tn some sjiecies, the 
eap is differentiuteil into a thicker lower part, and a thinner 
upper part The tassels or tuhulos are hollow, the ojion ends 
liJiving a much-strengthenwl tdiitinoiis rim to kee^i the ajiertuiiw 
open. The numlier of tubules varies in different species, and 
within certain limits in the same siHicies, and even between the 
right and left anterior spiracles in the same maggot. 

The ti'acheie terminate posteriorly on the anal segment in tl^o 
Hpirai*nlar plates or stigmata, the jioste'rior spiracles. These are 
slightly raised above the surface of the truncated end <if the 
maggot. T)te position of these plates on the body is such that 
the Ittises of the plate, /.c., the spaces in the band, point obliquely 
towaivis t)>e median perpendicular plane of the Ixxly, and witli 
the meiiian horizontal plane of the bialy passing thtxnigh the 
lower i>ortion of the plates. 

As both spimcular plates are alike for each species, a general 
descriptiim of tho charactere of one will servo equally for the 
other. 
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Tho plate is Hurroundorl by a 8ti*ori^ band of cliitin, varying in 
thickneHR and in outline in diffen*nt sjK'cioH. At the Iwwe is a 
Rfiaco or opening in the hand; in Ophip*a viyrn^ liowpver, tliin is 
cloHed up; and, in ntji/nri**a and P. it is open, 

forming a bi'eak in tlie Imnd. This H|>aee ap^K^arH to oariy Home 
soft structure in life, Imt winch is di'ftti’oycil in preparation. 
Within this band are thive structures rarliating slightly from tin* 
base; on subjection to strain, it is wen tiuit them* are slits, the 
openings being crossed by l)ands of chitin, either straight or 
anastomosing. The side-walls of the slits are very much 
strengthened with chitinous blocks, and the ends an' always 
rounded. They are also concavti fmm side to side. 

In some species hero dealt with, there is an intermediate struc¬ 
ture* lying between the middleafid inner slits--“inner*’ rt'ferring 
to tho side neai-est the median line of the hcidy. This is a 
shallow groove, somewhat V-shape<i, (Xiining to a more or less 
dehnite point towaitls the bottom, and munded at the top. llu* 
i*ounded end encloses a clear space, the margin of which shows, 
under a low inagniHcation, a “sun-ray” eileet. This is due to 
fine bands of chitin radiating outwardly U) the band. The inner 
ends of those chitinous hands project over the rim of the clear 
space, and would seem to support wime soft structure in life, but 
which is destroyed by the preparation. In some species, also, a 
space resembling a blister occurs on the siile of the Hlits; when 
present, it is always on the outer side of thi* outer and middle 
slits, and on the inner side of the inner slit. This “ blister- 
structure” also shows the “sun-ray” effect refonwl to in the 
“intermediate-structure.” 

llie length and breadth of all the spiracular plates include the 
width of the band. 

1 am indebted to Professor Wheeler, of Harvard University, 
U.H.A., for the method of preliminary preparation of the maggots. 
Full-grown maggots are dropped into water heated to 80^*0. A 
few seconds in water at this temperaturo is sufficient to kill 
them, and has tho great advantage of stretching the maggots to 
their full length; by killing in alcohol, the maggots generally 
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contitict, and often curve the body. The inaggotA are then 
placed in 35% alcohol, and, after about H liourH, they are trans¬ 
ferred u> 75% alcohol, in which they can be preserved. As a 
general rule, the maggots are left perfectly white by this prepara¬ 
tion, oxcepting occasionally when they jiave been feeding on 
iiiatorial ricli in blowl Wlum ready for prcparatioTi as micro¬ 
scopic specimens, the liody of the maggot is .slit along the median 
basal line, and boiled in 10% KOH until only tlie integument 
remains This is then put through the usual process foi sucli 
preparations, and mounted in Canada Balsam. All measure¬ 
ments are in fractions of a millimetre. 

The bibliography on the spiracles of dipterous larvie ib, so far 
as I have been enabled to trace it, very scanty. Figures of the 
spiracles of different species have been given on a number of 
occasions; but when a description is given, it is brief and with¬ 
out detail. 

Nielsen(1) figures the hpiraeles of certain species of Talninidm^ 
but goes no further. 

Froggatt(2) figures the spiracle of a dipterous larva found 
parasitic in locusts at Miiiimbah Station, near Singleton, N.S.W. 
A curious feature in this species was an elongated, cone shapod 
tail fitting over the anal portion of the abdomen. Tliis was 
doubtless to protect the spiracles, and prevent the maggot from 
being sinotlierod wlien the legs and wings were foldeci. The 
perfect fly was never bred out, so that it could not be identified. 

Gurney(3) figures the spiracles of three species of fruit-flies, 
and states that the identification of the different species can be 
thus determined, but gives no description 

Bank8 ( 4 ) gives a slightly more extended account of the spiracles 
of the different species he deals with, but gives very little detail. 
He refers to what I am calling the space in the baud of the anal 
spiracular plate, as a ‘‘button”; in which i do not agree with 
liim. He does not say how the spiracles were examined. 

As extreme forms of spiracles, the following may bo given. 
ErUialiB tmam^ “ The Common Drone-Fly,” an introduced species 
common in gardens, is the parent of curious rat-tailed larvn 
which can live not only in putrid but even in salt water. The 
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posterior spiracles are projected into a long tail in order to enable 
it to breatlie while completely submerged. 

The larvti* of Sirniiamt/a another European fly 

which Hwarms in wator, have a siinilar, elongated, tail-like pro¬ 
jection of tlie spiracles. The larvas of a Tachinid fly (fr^mnosoma 
rotundalam) live in and feed on the body of a Shield-Hug, and, in 
oi*der to breathe, have an elongated, hook-like projection of the 
spiracles, which is pushed tlimugli one of the spiracles in the 
side of *the laKly of the hug. 

Anastki.louhina AUnuu. (Plate Ixx., iig8.4, 4a). 

Anterior Spiracles ,—Cap difierentiateij into two parts. Tu¬ 
bules very strong. 

Posivrvtyr Spiracles, —The hand strong, complete, not rnarkeflly 
thick, showing no diflerentiation into two parts as in P, rtififacies 
and P xHiripes, The liand is thickened round the space which 
projects the contour outwalks at this point The band is drawn 
in slightly lietween the slits, giving the contour a slightly scal¬ 
loped appearance. The inner margin of the band projects very 
slightly between the outer and middle slits, and less markedly 
between the middle and inner siitR The slits are fairly close 
together at the base, but are well separated otherwise, and do 
not run quite the full length of the plate. Tlic outer and inner 
slits are fairly straight throughout their whole lengths. The 
middle slit is straight for almut two-thirds of its length, and 
then inclines inwanls rnterrnediato structure" always present 
lietween the middle anil inner slits. ** Blister-structurewell 
marked on all three slits. 

POLLKNIA STYOIA. (Plate Ux., flgs.fl, 6a). 

Anterior Spiracles, — Cap differentiated into two parts Tu¬ 
bules broad compared witli their length, ahd strong. 

Posterior Spiracles ,—Band strong and complete. Bpace at 
base completely enclosed in the band, which is not projected 
outward to such an extent as in A, angur. The band is only 
slightly drawn inwai*ds between the slits. The inner margin of 
the band projects strongly downwards between the middle and 
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outer slits, and somewhat less strongly between the middle and 
inner slits; in the latter case, this projection usually forms a 
hollow alsivo the space in the upper end of the “ intermediate 
structure." Slits fairly close together, and running practically 
the whole length of the plate. Outer and inner slits fairly 
straight throughout their whole lengths. The lower half of the 
middle slit is fairly straight, from which point it bends slightly 
inwanls. ** Slister-structure " usually situated just above the 
point of curvature. Intermediate structure” always present 
between th« middle and inner slits, and well developed. In a 
few cases, a similar structure has been noticed between the outer 
and middle slits, but then the blister-structure” on the middle 
slit is absent. ** Blister structure” well developed on the slits. 
The “sun-ray” effect is particularly well marked on the “ blister- 
structures" and on the space in the top of the “intermediate 
structure.” 

Ptcnosoha RuriPACiEs. (Plate Ixx., figs.5, 5a). 

Anl^riar —Cap differentiated into two parts. Tu¬ 

bules long. 

Po9terior Spirwlfss. very strong, often differentiated 
into two parts, the ohitinous material being thinner on the outer 
portion. It would seem that, when the maggots are young, the 
diflerentiation in the band is most marked, but as development 
is carried on, this differentiation decreases until the two parts 
become either fused or the outer becomes the thicker and stronger. 
There is, of course, no space between these two parts in the band. 
I'he band is broken at the base, leaving the space open and in¬ 
completely surrounded. The band is always much thicker at 
the liasG. The inner edge of the hand projects downwards 
slightly between the middle and inner slits, and less markedly 
lietwoen the middle and outer slits. The outer margin of the 
band is rejgular in outline. The slits run the full length of the 
plate, abutting on the inner edge of the band at the top and 
bottom of the spiracular plate. The outer slit^ in shape, is fairly 
straight on the inner side, the outer side being slightly convex, 
following the outline of the inner margin of the band. The lower, 
part of the middle slit is fairly straight, and close against the 
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baBo of the outer slit. Alx>ut the tiiidclle of its leugthf it bends 
inwards slightly. ** Rlister^structure/’ when present, geiiemlly 
situated about the point where the inward Ijend takes place. The 
outer edge of the inner slit is fairly straight; the inner edge fol¬ 
lows more thu contour of the inner margin of the band. Tt is 
slightly convex. “ Blister-struetiire’' at approximately the maxi- 
mum point of ciirvatt]i*e. The ** intermediate structure*’ occurs 
between the middle and inner slits, but, in many cases, it is but 
slightly developed. The ** blister-structure*’ is generally present 
on the inner side of the inner slit, and absent on the other twu 
slits. It may, however, be seen on all three slits. 

Pycnosoma varipks. (Plate Ixx., HgH.3, 3a). 

Aniei^ior Spirac/es. Cap differentiated into two parts. Tu¬ 
bules much shorter than in P. rufifaciea. 

Poaterivr SpiracUa - - Band extremely thick and strong, and 
showing the same differentiation into two parts as in P, ^'uJifaHta) 
the same remarks apply equally in this cose as in the previous 
one. The inner margin of the tiaiid projects slightly downwards 
between tiie outer and middle slits. 'J'lic band is broken at the 
l>ase, leaving the space open and incompletely surrounded. On 
tlie inner side of the spiracular plate, the band shows a develop¬ 
ment of chitin like as(|uare flag — the minimum distance between 
the plates has been taken from the edges of these flags. The slits 
run the whole length of the plate. 'Jhe outer slit is fairly 
straight and regular throughout its whole length, although the 
outer margin conforms more or less to the contour of the inner 
margin of the band The *' intermediate structure” is only very 
slightly developed between the middle and inner slits, and is 
apparently only noticeable in the later stages of the growth of the 
maggot. Tlie ** blister-structure” on the slits is absent, 

Luoima bkkioata. (Plate Ixx., figB.2, 2a). 

AnUrun* Spititdea. —Cap not differentiated into two parts, 
Tubules short and slender. 

Postonor iSpiroc/es.—Band fairly thin artd entire, pinched in 
between the slits as in A, augur. The space in the band is com¬ 
pletely enclosed by the band, which is thickened at this spotj 
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the space generally tends tu project the inner side of the band 
inwards. There is no projection of the inner margin of the baiul 
between the slits. The slits radiate out from the l»ase, and fill 
the greater (lart of the spiraculur plate, but do not run the full 
length of it. Tn shape, the slits are all very similar, being, as a 
rule, fairly straight and regular. The intermediate structure ' 
is well developed, and always present U^tween the middle and 
inner slits. The hlistcr-sinieture" is always present on the 
slits, and well developed The blister seems, more iiotieeahly in 
this s}>ecieH, to he contained in a sheath which generally runs a 
lung way along the slit on either side of the hlisler; this is 
generally more pronounced on the middle slit. 

Ophyka nigka. (Plate Ixx., figs.l, In). 

AnUrlor Spiraclrg.— Gap not divided into two parts. Tubules 
long and slender. 

tostnrior Spiracha. —J^uiid complete, and cuinpaiutively thick 
and strong. Tt is difibrentinted, in the earlier stages of the de¬ 
velopment of the maggot, into two parts, the inner part lieing 
the broader and stronger, ft is regular in outline. The space 
is not ill the hand, hut is surrounded by a development of chitiii 
at the base of the plate, resting against the liand. The space is 
almost completely tilled by a development of chitin. The bases 
of the inner and outer slits rest against this ingrowth of chitin. 
Oompared with the sixeof the spiracular plate, tlie slits are small, 
and appear tu bo well separated from one another. This is due 
to each slit lieing surrounded by an envelope of hyaline material, 
which envelopes are, however, lying up against one another. The 
inner margin of the band does not, as a rule, project downwards 
at all between the slits The outer and inner slits are usually 
fairly straight and regular to almost the upper end, where they 
lieiid over slightly outwards and inwards respectively. They 
may, however, present a slightly wavy appearance. Tho middle 
slit is always wavy in outline, witii the tip of tho upper end 
bending slightly over. ** Intermediate” and "blister-structures” 
are absent. 
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NOTKR ON AUSTRALIAN SAWFLTKS 

(ThJNTNRKDiXJDJiy 

By Waltkr W. KnoduArr, F.L.S., (Uivkknmknt Entomolo(3Iht. 

The SawHies are well roproseiite<l in Auutmlia by a iiuinlici' 
of handiiome insects belongitif; to very distinctive genera peculiar 
to our insect-fauna. 

While enorinoiis numbers of the gregarious larvie of several 
species of the Perga are common at certain seasons (March 
and April in particular), fee<ling upon the foliage of young gum- 
trees {EncaHyptne) wherever there is plenty of young growth, 
the perfect insects are comparatively rare. Tn breeding-out 
specimens from the pupee, one finds that a large percentage of 
tiiem never reach maturity, because tliey are attacked in the 
larval stage by many dipterous and hymenopterous parasites 
which develop after the sawHies have pupated A great number 
also fall victims to a mould-fungus, wliich destroys them in the 
cocoons. 


Perga dokbalih Leacli: The Steel-Blue SawHy. 

Zoological Miscellany, iii., p.II7, t.l48, Hg.l, 1817. 

This handsome sawfly, one of the largest and best known 
species of the-typical Australian genus Perga, has an extended 
range round the coast, and i^ common in Victoria and New 
South Wales. 

The gregarious larvie focii at night, and rest during the day, 
clustered together in an oval mass, on the stern of the gum-tree 
upon which they aro feeding. When disturbed, they exude a 
sticky yellow substance from the mouth, at the same time raising 
the tip of the body, and tapping it down on the foliage. The 
leaves are devoured from the top of the young gum-trees; and, 
when the larveeare full fed, they crawl down the stem to pupate. 
I have found them fully developed in the middle of April; but, 
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when they descend from their resting-place, they wander about 
over the grass for several days before th#*y Anally select a place 
in which to pupate, "oiierally the softer soil against a tree trunk. 
Into this they burrow to a depth of three or four inches, mass¬ 
ing their large, oval c<Ki:oons in rows, one against the other 1 
watched several large swarms feeding upon the Peppermint-gums 
{Kneaft/phifi Hov<r~angfitt>) at our Kaperiment Rtation at Uralla, 
and afterwards in their erratic wanderings over the grass; and 
marked down tlieir Anal resting place and dug up the cocoons 
At Binalong, in April, \ (»bservod two large swarms inarching in 
massed formation . tim heads of the hind rows always rested 
upon those in front as they moved along steadily together. 
Every now and then, the front rank came to a dead stop, when 
they all rested for three or four minutes; then a number began 
raising up and tapping down the tip of the abdomen, whereupon 
the whole band tm)k up the motion; the leading ranks made a 
fresh start, and all moved along again. In the largest hand, I 
counted two hundred and Afty caterpillars 

Tjarvie that pupated in the soil in the middle of April, pro¬ 
duced tin* perfect sawAies in the TnBcctariuin in. the early part 
«»f Ootolier. 

The pupation of this sawAy is very remarkable Under natural 
conditions, the long, oval cocoons are formed one above the other 
into a solid mass like honeycomb. When the full-fed larvoB are 
placed in a jar of sawdust, each forms a separate owl cocoon up 
to inches in length and ^ inch in diameter. The walls 
are very thin, composed of a tough, sticky, papier-mach^-like 
material, the inner surface smooth and black, with the anterior 
end rounded, and the apical cut off from a false end (containing 
the cast larval skin loosely attached to the true cocoon) by a 
slightly convex partition or cap of a greyish-brown colour, except 
for the black centre just behind the head of the semipupa; the 
outer side of this cap is Aat, blaok, and thickly impressed like 
the surface of a thimble. 

The Arst moult leaves a very wrinkled, pink and yellow, nakefi 
pupa, with all the outlines of the larva, and the abdominal seg¬ 
ments curled iu underneath the hindlegs. This stage may 
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remain from iwtt t;o three iiiotit>h», when tlic pupa undergoes a 
second transfuL'ination A ftne, almost hlurU, soft but rloeely 
felU^i, iibroiis, inner e<M‘<K>n is spun, within which tlie pupa, 
now an elougale, \ery wrinkled, white creattiic, without any 
outlines of liead <h* appendages, is encloseiJ. There must l>e ii 
third change, when the typical, true pupa develops, but this has 
not yet been worked out. Prolmbly, like some inotlis, thi.s will 
not take place until a inontli or t\^o before llie emergence of the 
perfect sawily. 

Ptkhygophorus BiFAseiATua lirulle. 

Hist. Nat. Insect, Hymen., VoLiv., p.660, PI .46, fig. 1 , 9 ,1846. 

This handsome species is easily distinguished from all the other 
species by the dark marking on the forewings. The type, a 
female, was described from Tasmania. Mr. Howland Turner 
infurms me tliat it was untcpie^ he had never seen this insect 
until 1 sent sfieciuiens to the British Museum. My specimens 
were collected in the pupal state, a (*oloiiy, containing about 
twenty cocoons imbedded in soft wood from the stem of an un- 
deteriniued tree, was sent by Mr Har<ild Brooks, from Dungay, 
Tweed lliver, N. 8 ,W. The larvie, when received in the cocoons, 
were in a serai-pupal state, but sliowed that they were typical of 
the genus PUryyophoi'iiH. The perfect saw flies emerged from 
the cocoons early in September. 

Shilling blue-black, variegated with dull yellow, Ijeiigtb, 
?j; exp. wings, J inch. Head and thomx, with the exception of 
a yellow blotch on tlie sides of the latter, shining dark b^ue. 
fiCgs black, vaiiegated on the tarsi, Basal half of the doi'sal 
surface of the abdominal segments black, with the whole of the 
ventral .surface and apical portion of the dorsal surface yellow. 
Fore wings hyaline, richly variegated with ciiocolate-brown, form¬ 
ing a clouded costal nervure; hind ami iiiargitial liaiid, and an 
outer transverse hami crossing the centre of the wing, so that 
there are three semiopaque areas on the liasal half of the wing 
enclosed in clouded bands. Hindwings slightly fuscous. 

9 . Ijarger than of the same shining blue-black colour, but 
having the face, a large blotch on tlu* shoulders, scutelluin, post- 
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scuteUum, nnd tl)e whole of the abdomen doll yellow. Anteiinie 
composed of eleven joints; 1st aiul 2nd small, HnMOth rounded, 
l>ead-.Hhiip(Hl. Kyes large, projecting. Centre of thv median 
lolio of the inesothoriix with a lateral depression Scute!luin 
large, rounded. Length, expanse wings, i inch. 

PaiLOMABTfx MAcnKAti Westwood. 

Penja maclenii Westwood, Proc. Zool Soc., IHftO, p. 372, PI 
ixxxv., f.2, ij. Pk^fomaHttx ijlahtr Froggatt, Proc. [aim. Soc. 

S. Wales, (2), Vol. x., p.48y, 1890. 

. The typo was descril^d from a male specimen whose antenna* 
Vere wanting, and thus Westwood made the mistake of placing 
i|t ill tlie genus Ptrga, 

\ I have collecteii a large series of lioth sexes, with tlie eunons 
oiouble-tailed green larvas upon the wild raspberry-piants on tlie 
Tweed River, N.iS.W. When visiting the British .Vluseuiii in 
]'i)08, r went through the cabinets of sawtiies, und recognised iny 
spocies under tlie name of Perga mac/can. 

Ptekyoophoiius ANALis G. Costu. 

Ann. Mus. Zool, Napoli, Vol. ii, p.66, 1B64. 

A niimlier of cases have lieen recorded from the Homa und 
. iitchell districts, Southern Queensland, of the death of cattle 
tlut have acquired the abnormal habit of eating the larva* of 
thpse sawllies. The sawtiies appear in the early summer in the 
oppn forest-country in enormous numtiers, and deposit their eggs 
on' the foliage of the ironbark-trees. The resultant, long-tailed, 
slender, green larvue are so numerous, that they completely strip 
all the foliage off the trees over a large extent of the ironliark 
forests. When fully fed, they crawl or fall to the ground, aiul 
congregate at the base of the tree-trunks in regular lieaps. 

The cattle running in infested country have acquired the habit 
of licking up these moribund larvae; and quite a number of the 
young stock, in these particular areas, have died from their par¬ 
tiality to this change of diet. 

Mr. Moore, the owner of '*Tbe Peaks/’ Marbango, Southern 
Queensland, has sent mo the following notes. ** These cater- 
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pillars mature on the leaves of the Ironbark-trees, and, when 
nuiiicrouK, as they were last season (1917), do not leave a leaf 
on tlje trees. When fully matured, tliey eome down and die 
all round the trunks of the trees: and it is at this stage that 
cattle lick them up; un overdose is fatal, particularly to young 
stock, such as weaners, nine to twelve months old, and calves, 
I fancy that acute inflammation of the bowels causes death; and 
the l)east appears to he in terrible pain towards the end. f am 
inclined to think that a good deal of sand is licked up witli the 
caterpillars, and this may add to the irritation.” 

*'The adult sawflies emerge and are active all through April, 
the caterpillars feeding upon the foliage through the winter. lx\ 
August, the full gniwn caterpillars come down the trunks of the 
trees, and die in heaps; and, for about three weeks, are a danger 
to the young cattle in the paddocks. T think it must be a craving 
for salt that attracts them, and we have laid rock-salt round the 
trees, hut once they have acquired a taste for tho caterpillars 
they will rush round the fronbarks to lick them up.” 

** [ have had to ramovo all my cattle into the open country 
away from the iron bark-forest, or my losses would have been 
very heavy. As it was, I lost eighty head out of a mob of four 
hundred, sixty weaners and twenty cows. Twenty per cent, is 
very heavy in a week, and all the beasts that died were in 
splendid condition^ in fat^t the fattest seemed to suffer most ” 

Tn my opinion, this caterpillar-pest is going to prove a very 
serious matter; and the only remedy will be to ringbark the 
ironbark-trees in some of the paddocks, so that tlie cattle can l>ti 
kept away from the infested areas. 


[Printed off, December I4th, liMH.J 
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Area and Situation. 

The Federal Capital Territory oontains an area of about 900 
square milesi and ia situated between latitude 35* and 36^ aouth. 
Its greatest length north and south is upwards of 60 miles, while 
its average width is under 20 miles. 

Early Explorrrs in thr Locality, 

The first explorer to reach the Federal Capital Territory was 
Charles Throsby, of Bong Bong and Qlenfield, and he was pro¬ 
bably Accompanied by Joseph Wild, a constable of the district of 
Argyle, and a notable bushinan, who discovered Lake George, not 
many miles distant, on 19th August, 1820." 
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In October, 1820, Lake George was visited by Governor Mac¬ 
quarie, who then named it after His Majesty George IV. He 
also named Goulburn Plains during the same visit. The Gover> 
nor arrived at Ijike Bathurst, from Parramatta, with Deputy 
Sorveyor-General James Meehan, Charles Throsby, J^rseph Wild 
and others, and was there joined by Commissioner Bigge, 8iir' 
veyor-General John Oxley, and Charles Fraser (Colonial Botanist), 
who had journeyed from Bathurst up Campbeirs River and 
across the Ai>ercrombie River.* The party travelled to Tjakc 
George from Lake Bathurst, which latter was discovered by 
James Meehan and Hariititon Hume on 3rd April, 1818 (Field 
Book 143, I^nds Department). 

On 28th October, 1820, the Governor and party ascended a 
high hill to the eastward of T^ako (Seurge, evidently Kllenden, 
and viewed the high land in the southern portion of the Capital 
Territory, though, owing to an intervening range, they would 
not have been able to see tlio plains at the northern end. That 
they were not impressed with the potentialities of the future 
Federal Territory is evident from the following entry made by 
Oxley :—“The whole extent between the S.E. and West may he 
properly described as rocky, broken, and mountainous, and no 
feature or object in the prospect offered any reasonable expeota- 
tion that a go<Kl or even tolerable country could have existence 
in those quarters.” How little could they foresee that they 
were gazing over what was to become, not only the spot where 
William James Farrer was to carry out his great wheat-growing 
experiments, which would do so much towards producing 
drought-resisting wheats, and revolutionise wheat production in 
a dry climate, but that they were also viewing portion of the 
site of the future capital of all Australia. 

Macquarie refers to “a uew diacovered river,” and mentions 
that “ Mr. Throsby tried to get hold of some of the natives of 
this part of the country to serve as guides to conduct them to 
tile new River Murruinbidgoe,” but the Governor's party could 

* See Governor Maoquarie s Journal—Kepitrt by Oomniissioiior of In- 
guiry Bigge iMitohell Library). Oxley's FMd Book No. 172, Lands De¬ 
partment. 
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not find time to visit it, though Throsby did. They were under 
the impression that the now river flowed towards ttie south-east 
into the ocean, which suggests that, although they were aware 
of the presence of the river, no white man had actually visited it. 

Tt was in April, 1821, that Throsby visited the locality of the 
present Federal Territory, and, after going southerly from Lake 
Gtoorge. he wrote : I passed over two rivers, exclusive of the 

one I discovered and on the hanks of which T passed a night at 
the time the dovemor was at Lake Qeorge.” 

The two rivers referred to would he the Molonglo and Quean- 
beyan, and the one he discovered previously, the Murrumbidgee. 
He met with vast quantities of limestone, and a good quantity 
of open forest and plains.* 

On the 31st May, 18*23, Captain Mark John Currie, Brigade- 
Major Ovens, and Joseph Wild reached the vicinity of what is 
now known as Queanbeyan, and, Currie writes, ^'encamped by 
the side of tUe South Fish River (as called by our attendant, 
Joseph Wild}, on the edge of Lime-stone Plains.’' They travelled 
thence south-westerly towards the Morumbidgee (as it was 
usually spelt in those days), and named tlie Isabella Plain after 
Governor Brisbane's daughter. This plain is largely included 
within Portions 190 and 203, Parish of Tuggeranong, They 
followed up the right bank of the Morumbidgee, finally crossing 
the Umaralla, thinking it was the Morumbidgee, and discovering 
the Monaro Plains or Downs. On the way up, they mention 
having seen pine-trees of about 2 feet in diameter. These would 
be the species now known as Calliiru aUearatOf Black or Moun¬ 
tain-Pine. 

In returning, the party for some distance kept to the eastward 
of the Federal Territory, and, on the 8th Jnne^ 1823, *'met with 
large rocks of limestone,” discovering what is now known as 
London Bridge, “ a natural bridge of one perfect 8a\on arch, 
under which the water passed.” 

Settlement followed ^is visit within the next few months, for 
among the records of the Chief Secretary’s Department is a letter 
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from Joshua John Moore, » retired Lieutenant, dated 16th De¬ 
cember, 1826, in which he expresses his desire to proceed with 
the purchase of 1000 acres, situated at Canberry, on the east 
bank of the river, which waters laniestone Plains, above its 
junction with the Murruinbeeja/’ He mentions that he had 
been m possession of the land for upwards of three years. This 
appears to be the first reference, in an official document, to the 
name, which, with a slight alteration, was to be selected for the 
capital city of Australia. 

Ill a letter dated 14th September, 1831, Moore says *. It is 
called and known by the namo of Can burry, and is bounded on 
the south by the Molongoo River, and on the west by Can burry 
Creek/’ 

This area is now Portion 52, Parish Canberra, County Murray, 
and permission to purchase was granted by 8ir Thomas Brisbane 
on 3rd May, 1825 There seems no doubt that the original was 
a native name, but its meaning is unknown. 

What 18 now Portion 58, of 4000 acres, Parish Canberra, and 
known as Duntroon, was promised by Sir Thomas BriNbane on 
the ISth May, 1825, and Portion 181, of 1000 acres, by Lieu¬ 
tenant General Darling on the 22nd March, 1830, to Roliert 
Campbell, pursuant to instructions from the Right Honorable 
Secretary of State for the Colonies, in part compensation for the 
loss of a certain ship called “The Sydney” while employed by 
the Government of the said territory in the year 1806. 

Portion 51, of 640 acres, Parish Canberra, was promised to 
John McPherson on or heiore the 10th September, 1831, as a 
Primary Grant. The name of the farm was Spring Bank, and 
it was stated to be at Canbury, Limestone Plains 

An area of 2560 acres, said to be at Yarralumla, now Portion 

4, Parish Narrabundah, was promised by Governor Darling to 
Edward Weston, of Horsely, Liverpool, on or before the 5th 
September, 1831. 

An area of 2560 acres, said to be at Yarralumla, now Portion 

5, Parish Narrabundah, was promised to Henry Donnison on or 
before the 16th August, 1828, by Governor Darling, but finally 
granted to Terence Aubrey Murray and Thomas Walker. 
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Portion 203, of 2000 acres, Parish Tuggeration^, at rsabeila 
Plain, was [promised to Peter Murdock on or before the 14th 
February, 1827; and Portion 100, of 2560 acres, adjoining, to 
John McLaren, on or before il)o 2l8t February, 1829. 

Tn May, 1829, Surveyor Robert Dixon traversed the Molonglo 
Hiver from near Qucanl)eyaii, across tlus “ Jjiinestone Plains to 
the Moriimbidgce River.” (F'icld-Book 317, I^aikIh Department). 

Tlie ))osition of tfie junction of the Queaiibeyan and Molonglo 
Rivers is shown, and on one side of the former is written 

Medora Creek,” and on the other “Quinbean.” 

The position of **Tiin Heards* Station” is shown on the south 
side of Molonglo Hiver near ** eoiiiuiencetnent of plains ” 

To the west of where Canl)crra Gliurch now stands, Dixon 
shows the position of a fence, and the initials J.J M., which 
latter evidently refer to Joshua John Moore, the first owner of 
of Portion 52, Parish of Canberra. 

The entry, “Taylor’s Hut,” appears near the junction of 
Yarroluiiila Creek and Molonglo Hiver. 

On the 15th May, 1832, Surveyor Rol>ert lloddle coitmienced 
a survey at “ Maloaglo River for the purpose of inoasuring land 
at Limestone Plains.” (Field Book, No.375). Portions were 
measured for Robert Campbell, George Thomas Palmer, Joshua 
John Moore, John MePhersoii, John Stephen, and Edward 
Weston. 

He refers to Majoura, Ainslie’s Hill, Black Mountain, Quecui- 
beeann, Piailigo, and li. Cainpboire Cattle Station on Portion 181. 

On tiio 16th May, 1832, when measuring J.J. Moore’s Portion 
62, of 1000 acres, HocJdle noted, on page 50, the position of 
several “ huts ” and some “ limestone rocks ” at a bend in tlic 
river at the spot since named Acton,* and, near them, entered 
the name Canburry, whicii lie afterwards altered to Cauberry, 
the latter name appearing on his plan. The site near the huts 
is now occupied by an old stone cottage, built in the early days 

* These identical limestone rooks are shown on the extreme left in 
photograph No.l, in the ** Report on a Geologiool Reoonnaissanue of the 
Feileral Territory by D. J. Mahony, M.So., &o., and T. Oriffitli Taylor, 
]i.8o., Ao. (191dK 
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of settlement. On the same day, he traversed the creek wliich 
flows sou til-westerly past the eastern slopes of Black Mountain, 
and, on pages 52 anil 53 of his Hold-book, entered the name as 
Oanbury Oreek.'^ 

Klkvation and Tohoohaphv |- 

The elevation of the Fc(Jcral Capital Territory above sea-level 
ranges from .soinetliing under 2,000 feet ahuig the valleys in tiie 
northern portion, including part of the proposal FaJeral City uf 
Canl>erra, to upwards of 6,000 feet in the south-western portion, 
the iiigliest point iieing Mount Rimhcri, which roaches an eleva¬ 
tion of 6,2G4 feet, giving the Territory a range of elevation ex¬ 
ceeding 4,000 feet. 

The western boundary follows a range northerly from Mount 
Biinberi to Mount Coree or Pabral, the elevation of the latter 
being 4,667 feet dividing the Cotter from the Murrumbidgee 
River is another range running north and south, one of the 
highest points of which is Tidbinbilla, said to be a slightly altered 
native name which signified a snow-capped mountain, and which 
reaches an elevation of 5,115 feet. Tliese high points are all 
visible from many spots on the north side of tiie Molonglo River. 

The area east of the Murrumbidgee, which is regarded as a 
fault-block, is generally lower than that on the western side, 
and ranges between about 2,000 ami 2,800 feet above scadevel, 
the vegetatioTi being of an open forest character. Around the 
Federal City site and DuntnK>tiare the Canberra Plains, formerly 
known as the Limestone Plains, naturally almost treeless, and 
through which the small Molonglo River Hows. 

The southern portion of the Territory is largely composed of 
a network of broken mountains, though, in a few places, as near 

* In 1837, Surveyor Hoddle had oliarge of the laying-out of the City of 
Melbourne, and in 1851 heoame the first 8nrveyor-Ueneral of Victoria. 

t 8ce ** Notes on the Physiography of the Southern Tableland of New 
South Wales/* by C A. Stlssmiloh, F.C.S., Joum. Proo. Roy. Sue. N. 8. 
Wales, Vol. xliii., p.331 (1909). Also **The Physiography of the Proposed 
Federal Territory at Canberra,” Commonwealth Bureau of Meteorology, 
Melbourne, by Griffith Taylor, b.8o. (1910). 
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Gudgeuby, thera are fairly level interspacee showing little or no 
dissection, and in some oases containing swampy areas. 

Tf we block out a oKKiel in the form of a gi^t irregular 
wedge, and consider the Molonglo River as the northern edge of 
the wedge, a horizontal section the full width of the Territory 
and extending south to the southern boundary would give us the 
length of the wedge, the length of the base would be the width 
of the Territory in the south, while the width (depth in this 
case) of the base would vary from perhaps 3,000 to about 4,300 
feet in the south west corner. Tn viewing this great irregular 
so-called wedge, which is higher along the western side, we And 
it is scored longitudinally into more or less deep ravines, along 
wliioh 6ow the Cotter, Paddy’s, Oudgenby, and Murrumbidgee 
Rivers. The deepest of these gorges is occupied by the Cotter 
River, which at Thomas Oldfield’s (Portion 2, Parish Fergus, 
County Cowley) is roughly 3,600 feet alK)ve seadevel, so that 
the river has here, under Mount Bimberi, entrenched itself to a 
depth of nearly 2,700 feet. The Murrumbidgee occupies the 
shallowest of these channels, and, in parts of its upper portion, 
around Tharwa, flows at the eastern foot of the mountaios 
through an almost mature valley, so far as the eastern side is 
concerned, while it has out gorges of varying depths down 
stream. 

Qbological Forhatiokb.^ 

Quoting from Mr. Pittman’s map, it may be said that the rocks 
within the Federal City Site consist of Upper Silurian sand¬ 
stones, quartzites, shales* tuffs, clay^slates, and several outcrops 
of limestone, while the igneous rocks are crystalline tuflh and 
lavas, quartz-porphyries, and quartz-felsites. 

In the western and southern portions of the Federal Territory, 
a considerable area is composed of granite of a fairly siliceous 
character. Granite rocks are common around Tharwa, Boo- 

* See a detailed “Qeologioel Surv^ of the Site of the Federal Capital 
of Australia,*' by Sdward F. Pittmaa, A«R.B.M. tl910K Also, a **Report 
on a Geolo|0oal Beoanuausanoe of the Federal Territory,” by D. J. 
Mahony, MSa, Ao., and T. Griffith Taylor, B.So., Ao. (1913). 
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roorobA, the Gudgenby River, in places alternating with slate, un 
the range separating the Upper Gudgenby waters from those of 
the Cotter, and on the suintnit of Bimberi Peak or Mountain. 

No evidence of glaciation was noticed on Bimberi, but it was 
not specially searched for. The absence of a suitable gathering 
ground, however, would alone probably he sufficient to account 
for its absence. 

The valley of the Colter, in the vicinity of Bimberi, and the 
side of Bimberi, up to at least the 6,000 feet level, are of slate 
formation, probably Upper Silurian, and this accounts for the 
great denudation which has been effected by the Cotter River 
operating on the softer rocks, for it was noticed that the* highest 
hilh in tliu locality arc granite. 

The summit of Tidbinbilla was found to coiisist of (juartKile 
and slate, the former supplying the resisting qualities 

The ooutral-eastem portion of the Territory consists largely 
of qiiartZ'porphyries, and produces an open forest vegetation. 

Mount Coree is composed of igneous rocks, a specimen from 
the summit being considered by Mr. G. W. Card, A.R.8.M, 
without critical examination, as of the rhyolite or rliyolite tuff 
class. This rock splinters in a remarkable manner, and under 
the bluff at the south-west end, narrow strips may be seen up to 
10 feet long. 

A few miles south of Coree, and also where the main road 
crosses Coree Creek, the formation is slate. 

A good example of the effect of geological formations on the 
vegetation may bo seen from the City site. To the north east 
are the slopes of Mount Ainslie (2,76:^ feet), composed largely of 
volcanic tuffs, and clothed with o{)eu forest, while to the north¬ 
west is the coarse sandstone-hill known as Black Mountain 
(2,t58 feet). The name of the latter was suggested by the dark 
appearance of the more dense foliage of this liiil as compared 
with that on the surrounding elevations, but this mass of vege¬ 
tation is a direct response to the more bilieeous sandstones of 
which the eminence is composed. 
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Climate and Rainfall ♦ 

If tho 6ora of the area l>e clau&iHed under the heading of either 
a warm- or a cool-country flora, ite proper place is certainly under 
the latter. There are a few western or warmth-loving plants 
found tliere, one in particular {Casnarina Luehmanni) raising 
an interesting point in the study of distribution, hut the great 
bulk of tliem are such as may be expected in our cool mountain- 
areas. Judging from the native vegetation, thereforo, tlie 
climate of the Federal Capital Territory may lie designated as 
cool. 

According to the Commonwealth Bulletin No.7, and furthet 
iiiforination kindly supplied by Mr. H. A. Hunt, (Commonwealth 
Meteorologist, and Mr. I), J. Mares, Divisional Officer, Sydney, 
the following are the mean temperatures at a few stations, and 
the average annual rainfalls at some localities in and around 
the Federal Territory, including, for comparison, Cootamundra 
towanls the foot of tlie western slopes, and Milton to the east 
on the coast. 


I 1 I 



WottCHt 

month. 

Driest 

month. 

Yeais. 

Rainfall 
in inohns. 

Veal'S. 

Mean 

temp. 

Brail] wutxl 

.Fanuaiy 

Septcmlicr 

:« 

27*3 


36*4 

Biiiigendore 

January 

May 

•27 

23 0 

— 

- 

(/arucjola 

June 

Fclmiaiy 

27 

‘2411 

- - 


Odlector 

— 

— 

17 

26-4 


— 

Cootiia . 

February 

August 

.T2 

iO’l 

44 

34 *2 

CootainuiKJra .. 

<rujJO 

February 

28 

22!) 

16 

59 *6 

Duntn>oi) 

June 

February 

B) 

201 

4 

56*6 

Ouulbuni 

January 

April 

52 

25*0 

46 

. 56 1 

Oudgetiby 

January 

Februat y 

27 

31-8 

— 

1 — 

Oiindaroo . i 

June 

February 

40 

24*2 

— 

1 

Kiandiu 

.Tune 

February 

42 

6.3*8 

1 

44*4 

Lake George ...1 

June 

February 

sa 

26*4 

19 1 

.38*1 

Majura... . I 

January 

February i 

30 

24*1 

— j 

— 

Milton. 1 


- 1 

25 

44*2 

_ 

— 

Queanbeyati .. 

January 

August 1 

46 

22'.3 

— 

56*1 

Uriarra 


_j 

15 

32*9 


— 


From the above, it may be seen that January and June are 


* Hee Bulletin No.7, *^0n the Olimate of the YMs*Ganberra District,’* 
by H. A. Hunt, Conimoriwealtb Meteorologist. (1010). 
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the wettest months, wJiile February is usually the driest. The 
annual rainfall at the Capital City site may be cstiinaied at 
somewhere alsmt 21 or 22 iiiehes. 

The etffict of climate upon the native vegetation is largely 
regulated by the epmstion of aspect. Br'ctadly s|»eaktrig, Eastern 
Now Soiitli Wales has two dominating aspects, the eastern or 
moist, and the western or dry. 

The rain comes cliieily from the eastern or 0 (;ean side, and is 
precipitatcfl by the cooling or ascending rioud.s on the mountain¬ 
sides and .summits; when the clouds pass 1>oyond the summits 
and commence to descend, the pretupitation is reduced This 
applies also to clouds corning from the west. The result rrf this 
natural law may be seen in the Braid wood district, about 40 
miles nearer the coast than Canljerra, and at a distance of only 
36 mites from the ocean, for Braid wood is largely shut oil' from 
full coastal influence by a mountain-range a dozen miles away 
and known os Budawaiig, to the east of which the rainfall is 
quite iO inches, while at Braidwood it is only a4K>ut 27 inches. 
Similar conditions are found at many places towards the eastern 
edge of the plateau in this State. 

A great portion of the Capital Territory, ospocially along the 
depressed Murruinbidgec valley, is sheltered by north and south 
ranges on either side, as well as for tiie most part on tijo soutli, 
the result being that, to a largo extent, it is the descending clouds 
from oast, west, and south which pass over this area, and the 
rainfall in the valley is, in consequence, less than on the hill¬ 
sides. Evidence of this may be seen in the resultant flora. 
Moreover, tiie clouds from the coast, after passing over llic 
Territory, encounter the high range known in part as Hriuda- 
bella Mountain, forming the western boundary extending from 
Bimberi to Coree, and on its slopes de|>o8it much of their 
load. As a result, this is the area in which is found the most 
robust and cotuparattvely luxuriant vegetation in tlie Capital 
Territory, including splendid examples of tree-ferns (Z^icifesonia 
€Mtaretiea)t ten feet high, which, at about 3,000 feet above sea- 
level, are nestling under the shelter of Mount Coree, and facing 
the eastern or moist aspect. 
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My view ia that the luxuriant forests on the luountain-side 
are the result of a high rainfall induced chiefly hy the position 
uf burh mountains, rather than that the rainfall is a consequence 
of the presence of the forest. Judging by the vegetation on the 
higher land towainls Bimberi and Goree, it is probable the annual 
rainfall there roaches 40 inches, and on Birnberi itself, which 
intercepts clouds from every direction, it possibly amounts to 
quite 50 inches 

Absence or Trees from Canberra Plains 

The reason wliy many thousands of acres of almost level or 
slightly undulating land should be naturally destitute of trees is 
difficult to explain. The question is a universal one, and Ave- 
traliaii examples have been much discussed between botanists. 
The instances are many, and include those from the extwsive 
plains of the interior with a ineagro rainfall, where treeless 
stretches of upwards of fifty miles are not uncommon, to those 
on the highlands with a rainfall, in exposed situations, as around 
Kiaudra, of sixty inches per annum, and also such spots as those 
on the upper Dorrigo, where the brush or jungle in places ceases 
abruptly and forms a fringe on the edge of an open plain. 

My own observations lead me to suggest that the explanation 
will yet be found in many cases by an examination of the soil, 
or, in oilier words, tliRt it is from this source that we shall obtain 
our l^est knowledge of the subject, studied in relation to topo¬ 
graphy, rainfall, and aspect. Whether the feature is chiefly 
regulated by the chemical constituents or the physical properties 
of the stnl is difficult to decide, but it is probably in some degree 
tlie result of both factors. 

In These Proceedings (1909, p.3l0), I discussed the question 
of the absence of trees fi^om the Monai-o Tableland, and pointed 
out that, where the hills were composed of siliceous formations, 
they were more or less tree-clod, while those made up of basic 
soils were bare, except for some scattered trees of E%Miyptw 
corioosa and ieocia mdaumsyloH on a few basalt-summits. 
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T am indebted to Mr. J. O. H. Mingaye^ F.O.S, for the follow¬ 
ing analyees of soils and quartz-porphyry from the Canberra 
Plains. 


A. Prom crest of low, treeless elevation at miles from 
Cjueanheyaii. 

Mechdnieifl A nalyau. 


Ouirfie pat'tioleH of Htone 

19'i'>8 per cent. 

Stone left on 20-nieBh sieve 

9-87 

Stone left oji 3()-mesh sieve 

3*99 

Stone left on HO-niesli sieve 

. . 7-83 

Hoot-fibre 

089 „ 

Chemical composition of soil pnssing 
soluble in warm hydrochloric acid 

through 60-inef)h sieve 

Insoluble in acid 

, 8a-04%* 

tFerrio oxide aluniiim 

10'S6% 

Lime (OaO) 

0De% 

Silica \SiOt) 

0-25% 

Magnesia (MgO) 

016% 

Potash (K,0) 

. 0-84% 

8 oda(NatO) 

. 013% 

Phosphoric anhydride (P.JO 5 ). 

0-09«% 

Manganous oxide (MnO) 

. trace 

Water. 

.. .V70% 

Organic matter . 

. 0-81% 


160*146 


* Containing ailioa 78*21%. 

t Including a small amount of Titanium dioxide (TaO,). 


B. From shallow valley at 5 miles from Queanbeyan. 


MB€lMnic€U Anttlyau. 

Coarse particles of stone . 

Stone left on 20*meBh sieve. 

Stone left on SO-mesb sieve. 

Stone left on 66-mesh sieve. 


0*11 per cent, 
nil 
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Chemical composition of soil passinj; through 60-mesh sieve 
soluble ii» warm hydrochloric acid : 


TiiHoluhle in iicid 

.. 8nii%* 

tKerrin oxide aluinina 

3i:«% 

Sihoa (SiO,) 

.. 012% 

Lime (OaO) 

.. fl-61% 

MagneHia (MgO) 

.. 0-2»% 

Putoah (K^O). 

0-8«% 

KikU (NayO) . 

013% 

Phosphoric anhydnde (P,Ua). 

. . 0*07% 

ManganouH oxide (MnO) 

trace 

Water 

. 338% 

Organic matter . 

... 051% 


100‘t2d 


* Containing mlioa 70‘62%* 

\ Inoluding a amall amount of titanimii dioxitlc (T,0y). 

The major portion of the soil which passed through a 60-inesh 
sieve, and used for the analysis, consists of 6ne particles of 
brokeu-iip stone 

No.2124/16. tjuartz-porpliyry, Canlierra Hoad, on treeless 
plain 2^ miles from (jueanbeyan. 


Chemical Compo$itio7i, 


Moistiii'e at lOO^C. 

0'62 

Soda(Na.O) 

1*37 

Water above lOOTJ 

2-60 

Potash (K,0) . 

2*76 

Silica(HiO«) . 

64 64 

Litbia (L,0) 

absent 

Alumina (AbO,). 

14*49 

Titanium dioxide (TiOt) . 

0*66 

Ferrio Oxide (Fe,Os) 

2*60 

Zirconium dioxide (ZrO|).. 

absent 

Ferrous oxide tFeO) 

3*69 

Iron sulphide (FeSa) 

absent 

Manganous oxide (MnO) ... 

0*12 

Sulphur trioxide (SOf) 

0*08 

Nickel and cobalt oxides 


Fbospborio anbydridetPfOf) 0*11 

(NiO-OoO) . 

0*01 

Vanadio oxide(V,Os) minute trace 

Calcium oxide (CaO) 

3*42 

Chromium sesquioxideiCraOs) ditto 

Magnesium oxide (MgO) ... 

2*93 

Chlorine (Cl) . 

absent 

Barium oxide (HaO) 

0*06 


- 

Strontium oxide (SrO) 

present* 


99*81 


* Bpeotrosoopio reaction only. Specific gravity ot rook-2*765. 

The soils of these plains around the Federal Capital are sili¬ 
ceous rather than basic, and the feature which is noticeable at 
Canberra, and other similar plains, is, that if there are any con- 
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aiderable elevations, of say, 200 feet or upwards, rising above 
the plain, then such elevations produce trees. 'I'he inference is, 
therefore, that there is some diflerence, either chemical or physi¬ 
cal, between the soils on the well drained hills, and the soils of 



Text-lig.2. 

IUvIh of deailMhi enlarged l»y tlipU'itmH laivie. 


the lowland; and it may be that, even though the geological 
formation is the same from which the soils of hill and valley are 
originally produced, certain salts are leached out from the high 
land and carried down to the lower, thus differentiating the 
characters of the two soils. 
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Tt is usual, of course, for both valley and height to produce 
trees, the differences in soil accounting perhaps for different 
local species, but this does not apply to the Canberra Plains, 
which, for some unexplained reason, are for the most part tree¬ 
less, though all the considerable elevations around are clad with 
forest-growths 

Insect Action on Twigs and Buds, 

Some gouty swellings were found at the Cotter River on fruit¬ 
ing twigs of EucafyptHH hannaHtoma (Brittle Quni), which, Mr. 
W. W. Froggatt, P.L.S, informs me are caused by the attack 
of small chalcid wasps (Chalcidida*), some of which are plant- 
feeders and deposit their eggs just under tim bark. The effect 
on these twigs was such that, in some cases, for a length of 16*3 
cm. (about 6J inchuK), they had l)een increased in diameter from 
2*8 mm. to 1*6 cm , or about 6| times their original diameter. 

Ill November, 1911, great numliors of very interesting insect- 
galls were found within the City site on many trees of Euca¬ 
lyptus d^albata (lied Qum). The flower buds were aborted by a 
dipterous larva which Mr. Froggatt has kindly identified as 
belonging to the family Agromyxidee. By the action of these 
jarvee, the buds had lieeti increasG<l in diameter from imxA, to as 
much as 1*2 cm., or six times their original siae (Text-fig 2). In 
some cases, five out of six buds in the umbel were affected. The 
effect of this swelling of the buds so greatly increased their 
weight, that broken branches were to be seen in many directions, 
reminding one of the result of a snow-storm. 

Plants absent from the Federal Tkrkitory. 

Owing largely to climatic reasons, several groups of plants 
are absent from this district, the locality being too cold for 
them, though, in more northern latitudes, they may ascend to 
greater elevations than 2,000 feet. No species of Angopliora, 
the coastal Apple-Tree, was seen, and its absence from the south¬ 
western district was commented upon by Hume and Hovell, in 
their overland-journey in 1824 (t6id., p.87).* No representative 

* For prsvions remarks in regard to distribution of this speolee, see 
these Prooeadiiigs, 1005, xxx., p.207. 
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wan seen of that largo genun Melaleuca, which generally prefers 
a warmer climate. 'I'he whole of the Ironbark-trees are absent, 
these forming a group which avoid the cold, no spocies of ttue 
fronbark occurring in TaHinania No species of White Box was 
noticed, not even E%icaiyptnH tdben$^ which creeps up the western 
slopes wherever it ran find sufiirient warmth, and may be found 
in isolated cases near Yass. The absence of E rostraia^ the 
Aiarray <ir River Tied <lum, was noticed, hut I was infonnctl 
that it asrctulH the Murrunibidgee to Umhurra, some few miles 
below tlie Federal Territory, thougli it is unable to face the cold 
within the Territory itself. glohulu9^ the Tasmanian Blue 
Gum, was not seen, although the climatic conditions are suitable, 
and it occurs lower down the Murruinbidgee, at Hnrniijurk, and 
may possibly yet be found in the valley* of tlie ('otter. 

Gbnkkal Rbmarks on various Mpbcirs. 

The notes for this paper were obtained during short visits to 
the locality in Novemlier and December, 1911, and January, 
1912. In addition to the area iinin^diatoly surrounding the 
City site, the routes examined were the following: Canberra 
to Qtieanl>eyan and along tl)e Bungendore Hoad; the Gundaroo 
R4Mid; Canberra to the junction of the Cotter and Murrumbidgee 
Rivers, and up the Cotter just above the (^tm; Canberra to the 
summit of Mount Coree; to Tharwa, BrK>rooml>a, and the summit 
of Mount Tidbinbilla; Tharwa to Oudgenby, thence up Middle 
Creek across to the Upper Cotter, and to the summit of Bimberi 
Peak. It will bo seen that there were many spots not visited, 
so that the list of plants must be regarded as incomplete. 

Mount Tidbinbilla.—Within a radius of 20 yards around the 
actual summit of Tidbinbilla (5,115 feet), the following plants 
were noticed ; — 

Qrahinbab ; Poa empitusa (Snow-Tussock or Snow-Orass). 

Juncacba: Luxuia campeatris, 

Liliacbab : Bulbim bulboaa^ Diafiella taamanica, 

Obchidacba : CaicuieHia dimorftha. 

Cartopryllacba ; Stellavia ftuvge^ta^ Sclaranihua bifitmia. 


54 
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Lkouminosa : Aeetcia penHin0rvi8 (Mountain Hickory), Oxy- 
hbium proeumben9{l), Daviesia nlicina, Hovea linearia. 

H OTACRA: Ertoatemon myoporoidea, 

VlOLAGBA : Viola betonic<f/olia (Native Violet). 

ThtmrlacaceA : Pitnelea sp. 

Myrtacba : Eucalyptus coriacea (Snow-Qutn), Eunzea pedun¬ 
cular iSf Callisiemon lophanthna^ Bmckea Gunniana* 

Epacridacb^. ; Leueapogon bijlorus^ L, Fraaeri (prostrate), 
Aerotrit'he agg^^egata, 

jSOROPHULARlACBAC : Veronica perfoliata, 

Ooodknzaceab : Ooodenia hederacea. 

Gandollkagea : Candollea serrulata (Trigger-Flower). 

Composite : lirachycome sp., Helipterum incannm^ Microaeria 
Foraiwi. 

Biinberi Peak.—Writing from memory, the summit of this 
granite-mountain is approximately a quarter of a mile long, by 
about 200 or 300 yards wide, the highest point being 6,264 feet 
above sea-level. 

On viewing the flora of this elevated spot on the 15th January, 
1912, the feature which impressed me most was the high colour¬ 
ing of the flowers and their great numbers. Masses wore to be 
seen of flowering examples of ^racA^dom^ 8ci;^t^s?a (a Yellow 
Daisy), and these were blended with others of Senecio, Podolepis, 
and Helichrysum, t^e hill being charmingly crested and bright¬ 
ened with a profusion of yellow and white, distributed amongst 
a groundwork of countless, graceful, grey flowers of the Snow 
Qrass. 

The only species of Eucalyptus found on the summit was E. 
coHacea(No.3470), occurring as spreading, dwarfed trees of from 
10 to 20 feet high, and flowering, the branches being intensely 
glaucous. This species grows at a slightly higher level on 
Kosciusko, but it is doubtful if any other Euoalypt grows at an 
elevation exceeding that of Mount Bimberi. This was also the 
only Eucalyptus found on the summits of Tidbinbilla and Cores. 
Heliehryaum led^olium was seen only on the summit, and this 
species, which occurs in Tasmania, had not been previously re¬ 
corded for New South Wales, 
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The following is a list of plants noticed on Bimberi^ and in 
most eases also collected, above the 6,100 foet level, though doubt¬ 
less several species were overlookt^d;— 

PoLTPoniACEJS: PoiyaUchum aanUoMirm (a common fern in the 
cold areas of Southern New South Wales). 

ORAMiNBAii: Pita ctrapitom (Siiow-Tussock, or Snow'-Qrass, in 
flower all over the summit). 

Restionacea: Pestuca Ilookeriana^ Hypolmia lattriflora (a 
weak, straggling, wiry plant of a few feet high, growing in mosses 
in damp or swampy places, and slightly resembling Canstia ^flex- 
Mosa, a common Sydney plant). 

Orcbidackas : Thelymitra vanoaa (a blue Orchid). 
pROTEACEAE: Ovitea Imwifolia^ Qrtmlha anstralia (& very nar. 
row-leaved form. This is the only Grevillea which occurs in Tas¬ 
mania, the genus being one which favours a warm climate). 
PiTTOSPOHACBA; Mavianthua pi^ocnmbena* 

PoLYOALACBA: Comsaperma reiuaum, 

THYMNr4ABACR/B: Pimdea ligmiHna, 

Myrtaceas: Eucalyptxia coriacea (Snow-Gum), CaHiatemon 
Sitheri (the flowering was just over), Rwckea Oxinniana, 
UMBKLfJFKRiR ; Acipkylla aimplicifolia, 

Epackidacra : Epacria pcdndoaay E. microphylla^ Rich^a 
Oxmnii. 

. Labiatas : Proatanthern cuneala (with whitish flowers). 
RUBiAGBAfi: Aaperula oliganUia. 

OOMPOSITJB: Olaaria atelhdnla^ Gelmiaia longifolia (Silver 
Daisy), Bmckycoma acapigeray B, discolory Podohpia longipedatoy 
LaptmThynchoB aquamatusy Htliahryaxim acorpiovdeSy IL ladi- 
foliumy Erechtiiaa qxiadrxtlaniata (a broad-leaved form), Seneeio 
peotiiiatu8y MieroBex^ia ForaUx'i, 

Thirteen species of ferns were found within the Territory, the 
most of them being in sheltered portions of the mountain-slopes. 

Of the OraraineiB or grasses, twenty-one species were noticed, 
four of which were naturalised Prolmbly several native species 
escaped notice during my hurried visits. Poa eaapitoaay tlie 
Suow-Orass or Snow-Tussock, is an interesting plant in view of 
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its very wide range in Australia and New Zealand, and its 
adaptability to environment. Along the coast it is often known 
as ** White Tussock,'* l>ecause of its pale grey colour, and is 
regarded as an indication of good forest-land; it may occur 
within a short distance of the ocean, and sometimes, in favoured 
situations, grows into robust plants of three to four feet high. 
It shows its disregard for climatic effect by climbing from sea- 
level to upwards of 6,000 feet, where, owing to the influence of 
more rigid conditions, it becotneK matted and dwarfed, losing 
much of the tussocky form, and in summer is most useful as 
sheep'fodder. 

Among tho Liliacee, the somewhat succulent little plant, 
Bnlbine hulbosa^ was found in various places, including the 
summit of Tidbinbilla. This species has an extended range in 
Kaatern Australia and Tasmania, and in addition to being found 
at elevations of 5,100 feet, as in this case, its yellow flowers are 
conspicuous every spring in the much drier interior at such 
places as the Macquarie and Tjachlan Rivers. 

The little terrestrial orchid, Caladtinia dimotpha^ was only 
noticed within a few yards of the actual summit of Tidbinbilla, 
while C. Ma was seen a few hundred feet lower. 

Cattiarina atrieta (She-Oak) was found on various hills, in¬ 
cluding Ainslie, Majura, Stromla (2,560 feot), and Mugga Mugga 
(2,662 feet), near Tharwa, and also to the west of the Naas River 
on the ascent to Gudgenby, where it was growing on the northern 
or warm side of granite-hills at elevations up to 3,000 feet. I 
have not found it at an altitude exceeding this.* 

Cosuartna Cunniri^Aomtatta (River-Oak) occurs along the 
banks of the Murrumbtdgee up to within about four miles of 
Tharwa; above this point, the country is evidently too cold for 
it. This is an attractive-looking tree and always grows within 
reach of fresh water, but is restricted in the extent of river it 
will follow, by the degree of cold in the highland and warmth 
in the lowland. This Oak-tree may be found on the rivers from 
Tropical Queensland southerly to the Murrumbidgee and its 


For previoMB remarkii, nee TheM Fmceediiigii, IfiOW, Vol, xxxiv., p,326, 



BT II. H. CAMBAOR. 


693 


tributaries, but is not t'ccorded from Victoria. The first pofer- 
ence to its abHcnre from tlie Murray or Hume River is tliat by 
Hovell and Hume in tlie re{>ort of their exploration from Goul- 
buri) to Port Philhp.* Wljeii referring to the river, their note 
roads : “but there was no swamp-oak, the tree so universal on 
the rivers to the northward and eastward (p.44).t 

A small elump of Caanarina Luehmanni^ the Bull Oak of the 
interior, was found near whore the (Jtindaroo Hoad, at about 2^ 
miles from Quoanlicyan, passes tbe Moloriglo River. The trees 
were confined to a high, steeply sloping, volcanic tuff liank of from 
40 to 70 feet deep, on the southern side of the River, and, while 
facing a nortliern aspect, were well sheltered from the cold south¬ 
erly iniluonce (Plate Ixxi.) Although the branches and stems 
of some of the Oak-trees reached above the iiank, it was noticed 
that their bases were all below the summit, which signifies that, 
in the early seedling-stage, the plants require shelter to allow 
them to become established. The finding of these trees in the 
Territory was a matter of great surprise, for the nearest locality 
where they arc known to me is between (/ootamuudra and 
Temora, u distance of about 80 miles in a direct line, though 
some may possibly have occurred at intervening spots along the 
valley of the Murrumbidgee. The species is one having a very 
wide distribution, extending from the south-eastern portion of 
South Australia, across part of Victoria and the whole of Central 
and pai't of Western New South Wales, continuing along the 
eastern portion of Queensland at least as far as Biboohra, west 
of Oaima, in latitude 17*; and, in places, pushing through low 
gaps in the mountains, towards the east coast, but usually select¬ 
ing a warm climate. It comes through the Cassilis Qeocol and 
down the Hunter Valley to near Ravensworth and Pokolbin, 
where it overlaps the coastal salt or brackish-water Swamp-Oak 
((7. ylauoa)^ and it may be seen from the train between Bunda- 
berg and Gladstone in Queensland. In 1899, a few trees of 

* Journey of Discovery to Port Phillip, N. S. Wales, in 1824 and 1825, 
by W. H. Hovell and H. Hume. 

t For some previous remarks, see Joum. Proo. Rqy. Soc, N. S. Wales, 
VoL xUx., p.999(1915}. Also, These Proceedings, 1901, Vol. xxvi., p.685. 
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dwarferl Bull oak wore seen on the southern )>atik of the Fish 
River, near O’Connell, in the liailnirsi district, and these were 
growing under somewhat similar conditions, and at approxi< 
mately the same elo\ation, about 2,100 feet, as those under dis¬ 
cussion on the Molonglu River, which are also rather diminutive 
specimens, ranging from 12 to 20 feet higli, with a btetii-diaineter 
up to 9 or 10 inches in a few cases. 

The question that naturally arises is, how did tlicso trees find 
their way to this spot so far from their congeiierb 1 Dispersal 
of seeds by wind can prol>ably be ignored in this case, and dis¬ 
persal by birds, though much more likely, can scarcely be shown 
to account for it, although this possibility calls for consideration. 
Tliere are very few spots within the Federal Territory where 
seedlings of this species would survive without special care, 
owing to the coldness of the winter climate. The birds which 
chiefly feed on (]la8uarina seeds by tearing open the small cones 
are of the cockatoo-family, Calypiorhyfichus tyiridU^ the G lossy 
Cockatoo or so-called Macaw, and there would be nothing re- 
markablo in finding that one of these birds had visited lioth the 
Cootamundra and Queanbeyan districts within a few days. At 
the same time, there is the coincidence to 1)6 accounted for that 
a seed should be deposited in one of the few spots which would 
result in the production of a mature tree. It must also be borne 
in mind that this is a dimeious species, the male and female 
flowers occurring on separate trees, so that it would be necessary 
that seeds, producing a pair of trees, should reach llie same 
locality before the species could become established. 

It may be considered possible that the seeds were conveyed 
by natives, but the seeds ripen in midsummer and fall out of the 
cones within a few days (usually two), after being gathered, and 
the natives would, therefore, have required closely woven bags 
to retain them. 

The genus is known to be an ancient one^ having been identi¬ 
fied in fossil form in the Tertiary flora.* This particular species 


* Bttingshausen, ** Oontributloiis to the Tertiary Flora of Australia," 
p.107. 
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is proljfthly old, considering its wide distrilnition, and if repre¬ 
sentatives had been growing in this vicinity, at the time of the 
Eastern Australian uplift in late Tertiary tiinc,'*^ which seems 
quite possible, some plants may have survived, during the gradual 
upheaval, and their descendants, on finding the new conditions 
too cold, would gradually liave Ijecomo restricted to tlie warmer 
and more sheltered nooks where the geological formation was 
favourable to their growth, and would, thereby, come under the 
heading of relics nr stranded plants. A diliiculty about accept 
ing this explanati<m is that this Oak i.s a wiirnithdoving species, 
and, at an elevation of 2,000 feet, would have found it difficult 
to survive the Pleistocene glacial poriiid which is generally re¬ 
garded as of subsequent date to the uplift that formed the pre¬ 
sent mountains. The fact is clear, however, that these particular 
Oak trees are now growing near the Molonglo Hiver, and although 
they certainly appear to be stranded plants, the process by which 
they reached this spot must remain unsolved, at least for the 
prosent; 

QrefiyUUo, juniperina is one of the most attractive shrubs 
within the Federal Territory, chiefly because of its beautiful, 
red, spider-like flowers. It was noticed on the righf bank of tlie 
Murrumbidgee near its junction with the Cotter, growing as 
thick spreading bushes up to 10 feet high (Plate Ixxii.). it was 
flowering in Novemljer, and among the birds, which were evi¬ 
dently after its honey, were the J.Mtherheads (Tropidorkynchua 
eornicHlatua). At Mongarlowe, near Braid wood, this species 
was seen in November, 190B, with yellow, as well as red flowers, 
andhin several cases both colours were noticed on the same plant. 
The feature has been observed by others. 

BanJcaia margimUa (Honeysuckle) was seen in many portions 
of the Capital Territory, ascending to an elevation of 4,000 feet, 
and occurring chiefly in the granite or somewhat siliceous areas. 

The trees appear toi*each greater dimensions than do those of 
this species in the Sydney district, and examples were seen with 

• '^Qeographioal Unity of Eastern Australia/’ by E, 0. Andrews, B, A, 
Journ. Proo< Roy, Soo, N. 8. Wales, VoL xliv., p.420{ 1910).—Presidential 
AddtesH by C. Hedley, F.L.8., These Prooeedings, 1911, Vol. xxxvi., p.13. 
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trunks up to two feet in diameter and a height of twenty feet. 
Some of the finest are growing in granite-formation around Jioo- 
rootnba (Plate Ixxiii ). Although this Honeysuckle always 
avoids soils derived from basic rocks, it has a wide range, and 
is doubtless the species referred to by Hume and Hovell as 
occurring on the Yass Plains in 1824. 

The genus Jjoranthus (Mistletoes) appears to be only spatsely 
represented in the Territory, and is practically confined to the 
levels lielow alioui 3,000 feet. The T.Kiranthus is not a lover of 
extreme cold, and its general absence from part of the soutlierii 
highlands was noticed some years ago,* while there is no record 
of the genus occurring at all in Tasmania. 

Two species of Drosera (Sundews) were collected, and from 
the {taper in which they were pressed, it has since been noticed 
that when drying, specimens of D. pdiaia from Qudgenby at 
4,600 feet, dyed the paper pink leaving the impression of stems 
and flowers. 

Of the family I^guminoste, fifteen species of Acacia (Wattles) 
were seen, and next after the Eucalypts this was the greatest 
number of species found of any genus. 

The plants identified as A, obinsaia, from Black Mountain, 
sometimes reach 7 or 8 feet high. Around Mount Coree, they 
are locally known as Blue Wattle, from the slight colouring some¬ 
times appearing on the leaves and stems, though on many plants 
the hark is reddish-brown. 

Acacia ftravicsima grows to a height of from 6 to 10 feet, with 
somewhat pendulous branches. The pods ripen during the latter 
part of December. * 

Oaylobium alpcctrc was seen as spreading shrubs, semi-pros¬ 
trate, above the 6,600 feet level on Bimberi, and it was noticed 
that the wombats (PAascofomys mitchMi)^ which are fairly plenti¬ 
ful at many places on these highlands, had undermined many of 
these plants, upon the roots or possibly root-nodules of whioh 
they evidently feed. 

* ** Esstem Monare,” by R. tt. Gsmbage. These Prooeedinge, 1900, 
VoL xxxiv., p.381. 
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J^eiratheca erici/oha was found near Coree and Booroomba. 
Tt has been noticed, over many years of collecting, that flowers 
of this species and its variety thyni\folia keep their piiikisii 
colour for years, or very mucli longer than those of tli© majority 
of Australian plants, and it seems evident that these flowers 
contain some dye of a flxed nature winch is prol>abIy worth 
investigating. 

Five species of li'oinadeiriH were scon, iHstribuLed over various 
{portions of the Torrilory. Uiilass some disinfeciHiit is used in 
herbaria, the flowers of most plants are attacked by insects, 
orchids, for instance, being devoured in a very short time; but 
plants of tlie genus Pomaderris seem to possess some resisting 
qualities, as its flowers may remain intact for several years with¬ 
out any special care. 

bracKyehitiOn populneus (Kurrajong) is not common within 
the Capital Territory, the locality being rather cold for it. There 
is one fairly large tree, however, on the summit of a quartzite 
hill within the Capital City site, and from which the hill has 
taken its name. This species is a lover of linieatone'formation, 
and in places on the Western Slopes may occupy almost exclu¬ 
sively certain areas where there is a considerable outcrop of 
limestone, ft is remarkable, therefore, that it should flourish 
on this quartzitediill, the rocks of which contain only a trace of 
lime, according to Mr. J. C. H. Mingaye, but have a high per* 
centage of silica, a constituent which tins plant does not favour 
when present in large quantities. A few Kurrajongs were 
noticed at other spots, notably between the Naas Uiver and 
Gudgeuby, in which locality they wore chiefly on the north or 
warm sides of the bills, and by this means were able to grow at 
liigker altitudes than usual in this latitude, one tree being seen 
at an elevation of about 2,600 feet above sea-level. 

Yiolii beionicirfolta and Y, commonly known as 

Wild Violets, were seen in many shady nooks throughout the 
Territory, and the beautiful dark blue flowers of the former were 
noticed as tar up as between the 5,500 and 6,000 feet levels 
on Biuiberi Peak. 
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Of the Eucslypts seen within the Federal Territory, none hae 
BO »reat a vertical range as E. coriateea^ which extends from the 
City site at about 2,000 feet, to the summit of Biml>eri at 6,264 
feet. On the lower land, it is often known as Scribbly Gum 
from the iiisect-inarkings whicli appear like scribbles on the 
l)ark, a feature not confined to this species, but on the high 
mountains, where it is dwarfed and gi*ows as a spreading plant 
with several stems, it is usually known as Snow-Gum. 

The largest trees within tlie Federal Territory are E, gigmitta 
and E fa$t*gata^ and both are common on Brindabella Mountain 
near Coreo, the former being known as White, and the latter as 
Black Mountain Ash. 

K, giganUa was described by Hooker,^ but there seems no 
doubt that, when doing so, he had in his mind the present tree, 
and also a previously described Stringybark, B, ohliqua I(’H4rit., 
both occurring in Tasmania, the latter being the more common 
of the two. When the identity of E. vbliqua was afterwards 
placed beyond doubt, E. giganUa was accepted as a synonym. 
In 1900, Mr. H. T. Baker, F.L.S, described this tree under the 
name of E, DBlegaiensiSy from Southern New South Wales, t and 
pointed out its specific oliaracters. In 1913, Mr. Maiden repro¬ 
duced Hooker’s figure of giganUa as given in the Flora of 
Tasmania (Vol. i., p 136), and showed how the confusion between 
E. Miqua and B, giganiea had arisen.} In Hooker’s figure, the 
fruits depicted appear to be those of the Mountain Ash, and not 
those of ohliqua. 

^ The bark of this Ash for about half-way up the trunk is 
fibrous, while the upper portion and the branches are smooth 
and white, hence the prefix, white, before the name of Ash or 
Mountain Ash. The timber of this species, though very valu* 
able, is known to be light and fissile, and, on examining seedlings 
of 4-5 feet high, on Brindabella Mountain, it was noticed that 
the wood was exceptionally soft and would snap with only a 


* Loud. Joum. Botb, vi., 479 (1847). 
t Those Proceedings, 1900, Vol. xxv., p.303. 

X “ Forest Floro of New lik>uth Wales,” Part 11. 
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gentle pressure. So far as T know, the most northern tree of this 
species is about three miles north of Mount Coree.^ 

EueafyptHs/Miigala is very plentiful along the nioiiniaiii sides 
under (Wee and Tidbinbilla, and as its trunk and large blanches 
are covered with fibrous, brown bark, it is, in contradistinction 
to the White Aslj, calle<i Black Mountain Ash. Its great affinity 
with the giant gumtree of Victoria, regnana F.v.M., is well 
known, and since E. faaiigata was described by Deane 4k Maiden, 
the latter has expressed the view that it is only a form of the 
former.t At the same time, it appears us a distinct tree when 
seen in the forest, for while the Victorian and Tasmanian repre¬ 
sentatives of E* regnanit are tall gumtrees with fibrous bark for 
only 10 or 20 feet at the base, E faaliyat^ wherever it has l)ee 2 i 
seen over its wide range in this State, has fibrous bark on its 
trunk and large branches. 

E, diijea and E, maculosa are often found in association, and 
both will thrive in soils heavily charged with iron. 

E. maer 09 Thynchn (Ked Btringybark) is nut uncommon, and^ 
with E, htnuMtoma (Brittle Gum), and a few trees of Exocarpus 
cupresstformis {Wild Cherry), takes possession of the higher por¬ 
tions of the Black Mountain, all three being lovers of a siliceous 
formation. 

Eucalyptus polyanihenws {Rad Box) is fairly common through¬ 
out the lower levels, and is the form {E, ovalifolia U. T. Baker) 
with smooth gum-tree liark, except that, in many cases, the bark 
is flaky for a few feet at the base, and as forest- trees are dis¬ 
similar to the rough-barked lied Box of Victoria and around 
Albury. The great lasting qualities of Ked Box posts are well 
known throughout the Federal Territory. 

S» dmophora {E. Cambagei^ Mountain-Apple, No.3000) occurs 
at various points, and around lliarwa and Booroomba appeared 
almost white in November, with its intensely glaucous fruits 
and branchlets. 

* For previous remarks on Uiis species under the name of E. ddegeUenais^ 
doourriug near Tumbarumba, see These Proceedings, 1004, Vot, xxix., 
p,ooa. 

t See **A Critical Revision of the Genus Eucalyptus,*’ by J, H. Maiden, 
Part vii, (1005), 
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IS, camphora (8wamp GuiUi No.3342) was seen only on Coree 
Cn*ck, near S. A. 8haniion’s, though it has a conbiclerahle i*ange 
on tho higlilauds of New South Waiesi soutliwards from the 
Rylstouo district. Tn January, 1913, it was found at various 
points on tlio Onieo-Mount Hotham Road, in Victoria, between 
the 3,000 and 4,000 feet levels (No.3682). 

The plants identified as L^pio»pennum aUmuaium were seen 
up to 12 feet high, chiefly on the banks of streams, and ha\c 
hard, firm, grey bark, and not scaly or flaky bark such as is 
found on plants recognised as of this s[)ecies occurring around 
Hydney and on the Blue Mountains. 

A'unsea Muelleri was observed in the drier portions of swampy 
ureas on the highlands around the Upper Cotter, git>wing iu 
small masses of about a foot high, and having whitisli flowers. 
These plants are associated with Aciphylla nimplietfUia^ Epacrin 
ptiludosn^ Juncusfalcalm^ and perhaps CWmma Iv^iyifolia (Plato 
Ixxiv), 

Kunzta pedn^icnhirin was set5n up to 15 feet high, with some¬ 
what flaky bark, on the river-banks, anchit occurs on some of the 
mountain-sum nil Is us a tough, stunted plant of a few feet. Mr. 
John Blundell, of 001*00, informed me that the blacks formerly 
split pieces of the wood of this highland form, which they called 
Budawang, and, after hardening it by fire, used it as needles to 
pierce holes in the skins of various animals so that such skins 
might be sewed together for use as rugs. 

Gunnii was found only on the summit of Bimberi Peak, 
and is an alpine plant with very beautiful clusters of flowers 
somewhat resembling those of DracupliyUum ucufidum^ which 
grows along the coastal districts. 

Pomaat umbdlaUt is growing on the northern slopes of Black 
Mountain, selecting a similar highly siliceous formation to that 
which it favours around Sydney and on the Blue Mountains. 

WakUvbtrgia yracUu (Blue Bell) and (JandolUa wrrtUakt 
(Trigger-Flower) were seen at their best at elevations between 
(4,000 and 5,000 feet. Their colours were deeper than usual, a 
common feature with plants at high altitudes, and the two species 
formed separate masses of most charming deep blue and red, the 
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distant blending of which gave a brightness to the open forest, 
and formed a beautiful netting, in one of Nature’s many artistic 
designs. 

Oltaria argopkyUa (Musk-Tree), which grows to a height of 
over 20 feet, and is regarded as the largest Curupostte in the 
world, is growing in the sheltered portions of Mount Coree, 
associated with Dicksonia antarctica and Bed/m'dla thus 

showing that the locality is not exposed to the a'esterri or dry 
atmosphere, but is in a isone of moisture resulting from a good 
rainfall on the mountain-side. In this, and similar slieltered 
situations within the Federal Territory, the Lyre Bird, Mennra 
mperba^ has its lioinc. 


List op Plants. 

The following is a list of plants seen within the Federal Capital 
Territory;— 

Hepaticrsb : Marehauiia polymiorpha L., (a cosmopolitan 
species). 

CvATHBACifiA : Dtekumiia antm'cixm Lahill., (Tree-ferns on 
Mount Coree). 

Polypodiacbag ; DryopUrxu punctata (Thunb.) C. Clir., (Poly- 
podixxm jnxnctiUam Thunb.), P^yatichum ocxileatum (L.) Schott, 
{Aspidium atuhaium Swartz), Aaplenium ftabellifolxum Cav., 
PUuroaoi'xxa (R.Br), Blnchnum car^i/o^tnsum Sw., B, 

diacaUiv (Forst.) Keys., {Lomaria diacol&r Willd ), B, penua- 
marina (Boir.) Kuhn, {Lomaria tdpina Sprung.), B, cQpeme(lj,) 
Schlecht., (£. oa;;e7tsis Willd.), Cheilanthes tenxxifoixa Sw,, (plants 
up to I foot 9 inches on Black Mountain), Adiautum mtkiopicum 
L., (Maiden-Hair Fern), Pteridixxm imxxxlinum L. Kuhn,, {Pterin 
aquilvna L., Bracken), Palypodium dive*'a\folium Willd., (P. 
scancfans Labill). 

PiNAOKAfi: CaUitna ealcarata R.Br., (Black or Mountain Pine). 

Ttphaobjb; Typha afxgmtifalxa L., (Builrush, in Oanbury 
Creek and other streams) 

PoTAMOQnNiNAOKA; BotamoycUm tricaxinatua F.v.M. & A. 
Benn., (P. natam Benth., non L), P, parf^iatus L. 

JnvGAGiNACU; Triylochin proccra 
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Alismatacra ; AlUma plantago L., (along the banka of the 
Molonglo River, and flowering in December). 

Graminsai ; Andmpogon affinis B.Br., A, r«ft€ictu» R.Hr., 
Themeda ForBkaUi Hack., {AnihiBiiria ciliata Benth., Kangaroo 
Grass), Panic^im effumm R.Br., Siipa scahra JJndl., (Silver 
Grass), Eekino^Higon twatus Heauv., (Saw Grass), CalamagrosHa 
femnla Steud*, {Deyeuxxa Foratpri Kunth), Hol^a lanaiua I-., 
(naturalised), Aira caryophylha L., (Fairy Grass), Danthmiia 
carphoidaB F.v.M., D. panicillata F.v.M., var. ssmiannn/aris 
Cyxiodon daciylon Rich., (Couch Grass, common in hot 
and some temperate countries), Chloria truncaia R.Br., (Umbrella 
Grass), Pappophorum commuxM F.v.M., Phragmitea commuxita 
Trill., (Arwtdo Phragmitea L ), Kideria pkUoidea Pers., (natural¬ 
ised), Poa catspitoaaii, Forst., (White or Snow Tussocks), Fee- 
iw,a IFookeriana F.v.M., {Schedonorna Hookeritma Ben til.), 
bromoidfiB L., (naturalised), Bramna maoitmna Desf., (naturalised), 
Uordetim muHnnm L., (Barley Grass; naturalised). 

Ctprracrjb: Kyllinyia intermedia R.Br., (A', hrevifalia 
Rottb.), Cyperua aanpiinea-fuBCUa Sees, G. Ounnii Hook., (G. 
hwidua R Br.), Eleocharia acuta R.Br., E. cylindt'OBiachyB Boeck., 
fSctiTius cemitus Vahl, {A, ripaanua Benth.), S, inundatua Potr., 
S. aiellaUia C. B. ('larke, {S,cartilagineuB Benth.), S* lacuatria L., 
#S. polyatarhyua F.v.M., Carex tereticaidia F.v.M,, G. appreasa 
H.Br., G. Gaudichaudiana Kunth, G. paeudo cyperua L. 

Rkstionaceab ; Reatio auatralia R.Br., (at Gudgeiiby), Hypo* 
Imna laterijhra Benth. 

JUNCACRAB: Luzula campeatria DC., Juncua hufonina L., «/. 
pUheiua R.Br., (•/. homalocaulia F.v.M.), J, pallidua B Br., •/. 
radula Buch., J, vaginatua R.Br., J. polyanlhemoa Buoh., J* pria^ 
maiocarpna R.Br., J. Fockei Buch., J* lamproetarpua Ehr., «/. 
faleaiua E. Mey, 

Liliagkjr: AuguiUoflrxa dtotca R.Br., ( Wurmbea diciea F.v.M.), 
Bulbina bidboaa Haw., Thyaanotua tuharoatia R.Br., (Fringed 
Violet), Arihropodium panieulaiifim R.Br., 7VicorytM elatior 
K, Br., Slypandra glauea R. Br., DianeUa taamanica Hook., D, 
revoluta R.Br., Xerotaa longifolia R.Br., X, fntUiifiora B.Br., 
X, JUifarmia B Hr., X, glauoa B.Br., Xantharrhaaa sp. (Grass- 
Tree, at Lower Cotter and Booroomba). 
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Amartllidacbab ; Hypoxia hygrometrica Labill. 

Orchid ACM: Oasirodia sfiBamoidns R.Br., Thelymiira 

v€no 9 a II. Br^ DiurU mamfata 8m., (Spotted Orchid), D. uul 
phurta R.Br., Prasophyllum futtcum H.Br., (\)PteTo$tyli8 curta 
R.Br., (1)/*. oht%aa R.Br, (near Gudgenby, at 4,700feet), P. rufa 
R.Br., (at Booroomba, a form with very short points to the 
sepals and petals), CWodenia testacM K.Br., C. alia R.Br,, (on 
side of Tidbinbilla), C. dimorpha Fitzg, (on summit of Tidbin- 
billa). 

Cabuarihra : Catuarina stricia Ait., (She-oak, C'. quadri- 
volvts), C. L%iehmanni H. T. Baker, (Bull-Oak), G'. Cunning- 
hamiana Miq., (River-Oak). 

Ubticacba : Urtica incua Poir., (Nettle), Australina pfmPa 
Gaud. 

pROTRAGRJR: p€r 80 Qnia chamctp€%ice l^hotsky, (Prostrate Qee- 
bung, at Gudgenby), OriUs lanc^olia F.v.M., (on Mount Bim- 
bori), GremlUa lanigeraA,. Gunn., Q. junipnrina R.Br., (at junc¬ 
tion of Murrumbidgee and Cotter Rivers), 0. au$tml\8 R.Br., (a 
very narrow-leaved form), Hakta 88ric€a Schrad., (//. aciculari» 
R.Br.), H. microcarpa R.Br., Lomatia lougifolxa H.Br., Uanhda 
marginoda Cav., (Honeysuckle). 

Samtalacex : Exoearpus cupreBsi/w'mia Labill., (Native 
Cheray), E, Miricla Okoretrnm sjncatuin F.v.M., Ompha- 

conwria acerba A. DC. 

Lorantuacu : Lorauthua pendulua Bieb., (Mistletoe, with 
Eucalyptna dives as host). 

POLYGOMACM: Rumtx Brownii Campd., R. aeetoaeUa L., 
(Sorrel; naturalised), Polygonum proatratum R.Br., P. mtnu« 
Huds., (Smart-Eye, in bed of Murrumbidgee and other streams). 

Obiropodiacu : Ckenopodium iriangulare R.Br. 

Oartofhtllacrjb : Silene galliea L., (naturalised), Cenutium 
mdgatum L., (Mouse-ear Chick-weed, naturalised), Siellaria 
pungena Brong., Spergularia rubra Camb., Tunica prMfera 
Scop., (Dianthus, naturalised), Seleranihua bijlorua Hook., 
(Cushion-Plants forming green compact mats). 

Ramdhoulacra: Clemaiia ariataia R.Br., C. miorophyUa DC., 
Ranuiieulua a^alilia L.(?), A. lappaceua 8m., (Buttercup), A. 
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hiriuB Bankfl and Sol, ( R. plBbei^iB R.Br.), R, r%W 0 t*t 8 Banks and 
Sol., R, par^njlor^ta 

Maonouacsje : DHmya aromatiea F.v.M,, (Peppercorn). 

M ON IM l AC : flndycarya ang^MiifoHa A. Cu ii n Cunnivg- 

hamii T«l, Native MuU>erry). 

Lauhacka : (Jaaayiha ph^c^aaia F.v.M., (J)(Klder)> C, melanthn 
RBr, 

OKUCiFRRifi : Cardamxn^ hitanUi L., var. tennifofia F.v.M., (C* 
lenuifolia Hook.). 

Dhohkracb^ : Dnuiera paliata Sni., (Sundew or Fly-catcher), 
Z). auricuhita Backh 

CKASSULACRiK : 7WrFa DC. 

P 1 TTO 8 POKACBA 6 : Marianthna procumhfna Benth., Ruraaria 
^tnoia Cav., (Whitetliorn), HiHanlxera acandfijiH Sm., (Roly-Poly 
Vine). 

Robagk^ : Rubua parvi/oliua L., ^Redlverry), Acmui ovina 
A. Cunn, A. aanyuiaorba Valil, (Burr). 

Lkouminosas : Sulvfamily MimosoideuR; —i^cocia ianigera A. 
Gunn., var. vennloa^r, (d. tfantahaa Benth , on Black Mountain), 
A. aiculi/ormia A, Ounn., (at Tidbinbilla and Gudgenby), A, 
diffusa Edw., (Prickly Wattle), A, armata R.Br., (Kangaroo- 
Thorn, on Mount Ainslie), A, va^^nicijlua A. Cunn., A. pefini- 
mrma Sieb,, (Mountain-Hickory), A. obtuaata Kieb., (onBlack 
Mountain and Coroo), A, rubida A. Cunn., (Ked-l6aved Wattle), 
A, buxi/dia A. Gunn., A.pradaaxfm F.v.M., (Cotter River near 
the dam, and on the divide between the Gudgenby and Clotter 
waters, at 4,d(X) feet), A, Dtmawi R. T. Baker, (near Oundaroo 
Road from QueanbeyanX A. imlanoaaylon R.Br., (Hickory or 
Tasmanian Blackwood), A. impUxa Benth., A. decurrana WiUd., 
var. ntoJ^ts, (Green Wattle, seen only in the northern or lower 
portion of the Territory), A, dealbata Link, (Silver Wattle). 
Sub-family Papilionato;—TV^ftumorvetiM L., (Hare's-foot Tre¬ 
foil, naturalised), Oxylobium eUiptieum R.Br., var. ofpinum, (on 
Tidbinbilla at 4,000 feet, and on Bimberi at 0,300 feet), 0. 
alpeatra F.v.M., 0. Pulianam DO., 0. ;iroonmieu« F.v.M.(1), 
Jftrbalia oxylobioidaa F.v.M., Oampholobium ffuagalii Benth., 
0, grandiffca'um Hm.(YX ^cixuUum A. Cunn., JDameaia eorym- 
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boitn Sm., 2). ^dicina Sm., Pnltenfra ^fHelUri (on Briu- 

fiabella Mountain), /*. proc%t,mbtn» A. Cunri., (at Rooroombu, on 
granite at 3,700 feet), P,/aBe\cidait% Benili., (at 4,500 foot, tiucU 
genby to Cotter River, rare in New Soutli Wales), Ddlmynia 
nrieijfidia Stn., var. phyltcoides^ Platylobium Jbrmomm Stn., 
(around Ooree), Bo 9 $io^ buxtfolia A. Cunn., (at Boorooinl>a), B. 
Wtdk&ri F.V.M., (5 feet high, with a cluster of from 30 to 40 
steins; at junction of Murrumhidgee and Cotter), Ilovea (I'neaftH 
B.Br., iMnn cornieulatu$ fj., (Upper Cotter), L. anstrofis Andr., 
(Upper Cotter, flowers purple to pink), Indigof^ra aH9tr€dis 
Willd., (Indigo), PsoraUa orhcfAuienH F.v M., Stmin$<ma tephro- 
iricha F.v.M., ^oinin diphylla Pers., Dtamodwm iyariaus Endl., 
Olycine elancU9t*ua uihW.^ (r. Aalrobearm Hanth., (with blue 
flowers among the grass, on the City site), Ilardenberyia mo7w- 
phytla Benth., (False Sarsaparilla). 

QaitANiACKAi:: Oeraninm dutectnm L., Erodinm cyynM'tLm 
Need, E. cientarinm Willd., (naturalised), Pdaryiyninm nustrah 
Willd, 

OxALiUACKAfi: Oxaiu eorniculain L., (Sour (irass). 

RuTACKiB : Bortmiti polygtdtfolia Sm., ErioaUmon mynponnde$ 
DC,, Pkahtdium aquamvdwim Vent., var. alpinum, (at 4,500 
feet on Coree), C'or?’ 0 a Andr« 

Trrmandkaor/k : Tetratk^ca tric^\dia Sro. 

Poi4YOALAC8^:: C'<wfw#/w»*mrt re/tisum Labill. 

EcPHOKBiAOifiAE: PhyllauiktiB (JiymoideH Sieb., Euphorbia 
Drummondii Boiss., E, Laihyru» L., (naturalised), Pof'atUhera 
mierophylla Brongn., Bertya olea^olia Planch., (near Murrum- 
bidgee and Cotter junction). 

SvAOKHOORiAOiKA: ^iiockhouM Ixnariifolia A. Cunn., (5. 
monogy^ia Labill ), 8. vimmsa Sm. 

Sapikdackxs : Dmio^xota viscota L., D, atUnuaia A. Ounii. 

Rhahnaoba : Pommd^rrU Miptioa Labill., (on Black Mount- 
ain), P. apekda P, pruni/olia A. Cunn., P, rae$moaa 

Hook., P. phylieifidia Lodd., Cxypiandra Bpinuum Sieb., /)w- 
earia ausera/is Hook., (low prickly bushes, with sickly-sweet 
flowers). 

MALVACBiB: Plagianikus p%dthdlu% A. Gray, also var. 
56 
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iomeniosua Hook., Malva rohmdifolia L., (naturalised), Modiola 
multijida Moonch., (naturalised). 

Sterculiacr>: : Brachychiton popnhatns It.Br., (SUrcuUa 
divera^olia Q. Don, Kurrajong) 

Dilleniaoimc : Jlxbbtrtin, atricia R.Br., H. aerpylliJoHa R.Br., 
//, linearia R.Br., var. ohiuaifoHa, 

OcrTTtFBRjR: Hypericum japoiiicum Thunb., also ^ar. </ramt> 
nmm F.v.U. 

VloLAORA*;: Vxola heionicwfofia Sm., (Native Violet), F. 
h^TQcea Labill. 

TnYMELAAOEAi: : Pixmlea ylanm R.Br., a form with very 
narrow and acute involiicral bmcts, colorana A. Cunn,, P, 
linifolia Sin., P. Hguatrina Labill.. also var. hyjiericina Benth., 
P^paiucijlora R.Br, P.ctirvxflora R.Br., (No. 3473, tlireo feet 
high, near Uudgcuby). 

liTTiiRACEiic : Lyihrum aaHcaria fj., (a swamp plant), L. 
hyaaopifolia L. 

Mtktack^ : Encafyptna aiellulata SSieb., (Hally), E coriacea 
A. Cunn., (Hnow-duni), E, amygdalina liabiil., (Peppermint or 
Messmate), E, /aatiyalu Deane and Maiden, (Black Mountain 
Ash; around Mounts Coree and Tidbinbilla), E, divea Schauer, 
(Peppermint), E, gigantea Hook, {E Delegaianaia R. T. Baker, 
White Mountain Ash), E.macrorrhyixcha F.v.M., (Red Stringy- 
bark), E, hcammloma Sm., (Brittle Gum), E mdliodox'a A* Cunn., 
(Yellow Box), S, polyanlhemoB Schauer, (Red Box), A\ nthida 
Deane and Maiden, (a White Qum, with orbicular reversion- 
foliage), E* macuhaa R. T. Baker, (a gum-tree, slightly spotted, 
but distinct from the Spotted Oum of the coast), E, camphora 
R. T. Baker, (on Condore Creek near Mount Coree), E, aggregiUa 
Deane and Maiden, (a few trees seen on a flat on western side 
of Bungendore Road, between the 48 and 49 mile posts from 
QoulburnhJ?. dasophora F.v.M.,(^. Cambetgai Deane and Maiden, 
Mountain Apple), E, Bridgaaiana R. T. Baker, (Apple-Tree or 
Woollybutt; recognised by Mr. Maiden as E, Stuariiana F.v.M.), 
JP. vimifudif lAbill.,(Whiteor Manna Qum), E. Blaknlyi Maiden, 
(Forest Red Qum), E. daalbaia A. Cunn., Leptoaparmnm Jlavta- 
cena Sm., var. obotfoium F.v.M., (near summit of Mount Coree), 
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A. sQoparium Forsfc,, (I'ea-tiTc, fchc iiurrow-leavcd form), A. lani- 
geruvn Sin., (along tlie banks of creeka; trees 30 feet high along 
the damp gullies on the slopes of Bimberi, just above the 5,000 
feet level), L. sUffalum Cav., A. aUAnuaium Sin , L* myrtifoliiim 
Sieb., L, frit^ulara Vent, (wiih silky hairy calyx-tubes and 
leaves, on Black Mountain), Atunm Jfuel/m*i Heiith., (at 4,500 
feet, on divide between Gudgeiiby and Cotter Rivers), K parvi- 
Jhlm Scliauer, (between thu 7 and 8 mile pasts, (jueanbeyan to 
Tharwa Koud), K, jtediiyicularis F.v.M., (on banks of Murrum- 
hidgee and other .streams, also near the summits of Coree and 
Tidbinbilla; in full flower curly in December), Cailisteman ;Wm- 
doHiL8 F.V.M., in bed of Molonglo, Murrunibidgeo, Paddy’s and 
Cotter Rivers, flowering early in December, flowers creamy- 
purple), C. lophanthna Bweet, (near the summit of Mount Tid¬ 
binbilla), C. iiiebe?'i DC., near the summit of Mount Bimberi), 
liteckea Gnuniana Bchauer, Calycolhrix (Galythrix) tetragoHa 
Ubill. 

OKNOTHEKACKifi:: EpUobium glab^lhm G. Foret., Oemihera 
6 tsmtis Jj., (Primrose, naturalised). 

UAiiOKKiiAOAOKiV.; lialorrhngia isiragy^ta (LahUh) Hook.^ //. 
micrantha (Thunb ) R.Jir., My^^iaphytlmi propinquum A. Cunti. 

A HA LI acxaq: Tiegheimpfituix aamhuci/lliusH. V iguier, (Paneto; 
sambttcf/oliua Sieb.), Aatroiricha hd\folia DC., (on Black Mount¬ 
ain and Coree). 

UMiiKLLiFRR;f>;: HydrocohjU laxijlora DC., (//. CmidolUi 
F.v M.), IHdlacna /mini/is I Took., {Trachyniam humUia Benth.), 
Traehyviene Billardiari F.v.M., Billaidieri Benth, on 

Tidbinbilla), Oreomy^'rhu aneftWa EndI.,(Rative Oarraway-seod), 
Aciphylla aimplici/olia F.v.M., (in damp spots on the highlands 
around Gudgenby and lUmbori), Bauena brachiatua 8ieb. 

Epachidageas : Siyphelia irijlara Andr, Mnlichma wrcaulaiua 
K.Hr., lAaaanth^ atrigoaa 8nt., Leucojioijm laiweokUus L. 

vWgatua R.Br., L. liookeri Send , L. b^loma 11.Br., L. Frojaeri 
A. CunII., Monotoca aeoparia II.Br., Acrotricha aggragaia It.Br, 
A. astTufato R.Br., Brachylmaa daiphnoidaa Benth,, Epacxia pa/u~ 
doea R.Br., E. brav^hlia Stapf, (at 8,000 feet on Mount Coree), 
E. aerpyU\fi>lin R. Br., E. microphylla R.Br.y Siehsa Gunnii Hook. 
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PKiMULACKjR: AufigaUis T*, (Pimpernel, imtiiralined). 

(iKNTiANArKAS: Ei'ylhrma amtmlUi H.Br., Linniauthmam 
crmiiHnm F.v.M., (an aquatic plant, with beautiful yelK)W, large, 
friiigcfl tIowerN; in Molongh) Hiver). 

CoNVoLVUJ»ArK^: (JunnAvulnH prnftpttcnitf Kims, 

BuHiiAuiNACEAC: (Jt/tuft/fottifNm auitfrnfp U.Br. 

l^AltlATJK: .\fpnthn hxxifiora Beiiih., J/. auHtnilis R.Bi*.,(Poiiny 
Royal), M, Hitturpjoitlrs\{Al\\y Snhnii ^^rhfnncea L.,(natui'Hlised), 
lirnmllii (Pnmpffa) vahjarin DC., Stmipflaria hnniriH H.Br., 
p9'iHffnnfhet*a tnHianthm Ijabilt., (Native Lilac., calltM] Turpcntiiuv 
Hutth at Ciiroc), P. cttupitia Jicnth., Wrutri^hgin f'/rw/Vv/Za A. 
Cunii., (white Howci'h; opjmite junction of Murruinbidgee and 
CuLtor), Ajnga aanfritliii H.Br. 

Solanaoka: Sofaimm nigrum L., S, muHr F.v.M., S, upa^um 
A.Br., (naturaliHcd), Datura stramonium L., (naturalised). 

ScHorHULAiiiACKAi: J/uunZair mtmkahis Doug)., (naiuraliiied), 
(tWaiida Pemriana L., (Bixiok-Liine), </, Ik^utli., \%trmim 
ftpv/oiiatn H.Br., (on the bighlaiids, witli ]>eautiful blue flowers), 
V, Dermntin liittlej., T. gracilis H.Br., K. onlychva H.Br., 
Euphrasia Hmmk/ii F.v.M., (on Coreas 8>nd at 4,500 feet on Ttd- 
binbilla), Yrrhasoum htatiariu Jj., (iiaturaliHed). 

LKNTiuuiiAKiAC'R.E: Utricufat'ut dichotoma LabilK, var. uuijhra 
Beiith. 

Plantacjinackas ; Pfantugo mria U.Br. 

UuBlACKA; Coptvsffta hirie/ta liabill., (at 4,000 feet, on 
gtaiiite, at ikx^i'uuinliu, also tcjwaitlH the stiniinit of Tidbiiibilia), 
Pmnoji umheIh^a 8ol., Aspm*vM oliyatUha F.v,M., altai var. 
soopuria F.v.M., trolinm umhrosum Bob 

Cafuikoliackab : Hambneus Uaudichaudiana DC. 

Cucuubitac8a^4 : C'ncfiiutif myriucaipus Naud., (NUiall iiieloiia, 
naturalised). 

Caiifanulacrae ; Lddia ckutata Cav., Z. pedunculaia B*Br., 
IsdotHajluvifitUis F.v.M., Wahknberyia gracilis DO. 

OoGOBNiACBA: Vslleia paradoxa B.Br., Gcodmia hedsraeea 
Bui., 0, pintuU^fida Bchlecht. 
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CARDOLMCArRA (Stylidiace*t*): Candt^lt'a Hprrnfata Laliill., 
{StylidimH graminlfdinm Sw., Trigger-Fl<)w<n*). 

CoMI^OSn'iB: OlfiftTUi viHijiilophylla¥.\J^,y (iin>iiiir] Coi’oc; aiul 
Tidbitibilla), 0, chry«tiphyllal^\\t\\.^ O.anjophyUit Ijal)iII.,(Musk- 
Troe), 0. »iellufala DC., Cphiutia IwiyijoVia Ca.s«, (Astpr cphni»in 
F.V.M., Silver Dainy), Vitiadinia austral A. Hicli., (Jalot\s 
Hcohioal/oHa Solid, and F.v.M., \ar. luieyrifol.lu^ Litypujuphura 
BUlnrdieri C^a«s,, Bnvckyrome scajn^jpm J>C., H. svapijhnms LK.-, 
(on Coree and near GudgenUy at 4,500 feel), It. »S'tfWi !>C.(!), 
B, disPAdor C. Stuart, CoiaUi Jilicnla Hook., iJpufippda Cnnniwj- 
hatnii F.v.M., Craspedia Biehea CasH., (liaclieloiV Buttons), 
Casslnia aeulmUt R.Br., (at Boortioinlia and Coi*ee), (f. (omji/Mit 
II. Br., (at Oudgonby), C, ynhufue/arla U.Br., PodUtlp^d^ liruyi-- 
pedtUa A. Cunti., also var. rohusta Maiden and B<;tc1ie, F. 
mwmsns A. Cunn. Lpptorrhyuchos squamatm Ijoss., UeHchrysnin 
scvffpiviiUs Labill., //. h^cidnu^ Uenck., and var. viscosum^ (//. 
bradealam Willd., “Everlasting Flower”), I/, npivnlatum DC., 

smnipappomim DC., //. ledifulimn Bentli., 7/. rimiuvrinifidinm 
Lew., var. thyrmjideum Bentli., (at 5,000 feet on Bimlieri), //. 
Utirliayii F.v.M., (at 4,000 feet on Biinlien), //. btm^haroid^s 
F.v.M,, Udipim'um anikentoidfs DC., //. DC., //. rfi- 

tmapludepis Bentli., Ona^dmlium japtmicnm Thunb., </. par pa- 
ream L., Hiaariiniim MnMeri Send., En^chtites mutUi DC., E. 
qmdridefdala DC., Ss^ucio pf^iiwUus DC., *V. dryadvns Sieb., (A. 
austraJtU A. Rich.), Jted^brdia salicifia DC., (near Mount Coroe, 
and locally called Adam's Flaiuiel fi'om its tomontos(>, Haiiiieb 
like leaves), Cymbofiotas Latosoniauus Gaud., Ventauren c^dci- 
<m/xeL.,(Star-'rhistlo, naturalised), C. so/^sftVMt/nrL., (naturalised), 
MienmrU Fursteri Hook., (a yam, with yellow flowers), JiyfHj- 
chcBris mdiolali., (Dandelion, naturalised), Fitit*is hieracioidesh.f 
(uatuiultsed), Cardum pycfwcrfdutitis L., (natuialisod). 

COMPABIBOK WITH TASMANIA. 

Although the plant-associations found on the high points appear 
to diauloae certain facts, it has to be remembered that an assem¬ 
blage of plants is nOt only regulated by climate, but by geological 
formations as well. In discufising those plants noticed on lid* 



710 


NOTICS ON THB NATlVK NLOtlA Of N. 8. WaLKH, X , 


biiibilla at 5,100 feet and on Biiiilieri at 6,200 feet, 8oine iiiter- 
cBtiug featneeH ai'e Unm^^ht out. On Tidbinliilla, the FaAiilieB 
with most i^eprestmtatives were Myrtaccne and 1 jejj^uuiinosH', with 
four spoeies (Mich, while CoiiipoHitie had throe spc'eios. Curiously 
no species wliatever of Ixi^uiiiiiioste was iiotieiHl on tlie sumuiit 
of Jlimlieri, while Myrtiicea* IiimI three, hut Coin{H>hitiu had 
eleven. 

Jiefore conclusive deductjons could be drawn from a i*ecoi*d 
such as this, it would 1 x 3 desirable to have a more systematic 
examiiiatum carried out than time permitted me to make, and 
over a greater niiinber of levots. Tt is not remarkabks however, 
that this limited re<;oi'd sliows that the Compositic, which are 
cotisidetxxl to lie tlio largest Family among Howeriiig plants, should 
be the most numerous at the higher levels, for they are known 
to be able to resist the cold. On the other hand, masses of a 
few species <if Composite may he seen on the hot western plains 
of this Htate, in places forming the dominant vegetation. 

In connection with distribution, it is of interest to make a 
comparison with Tasmania. There the Family Compositie pre< 
dominates, and contains iiuii'e species than Ii(^uminosiu and 
Myrtaceie (Mimbined, the figures liuiiig approximately—CoiiiposiUe 
110, Leguniiuosie 60, and Myrtacctc 40.* 

From the list of plants collected by me within the Fwleral 
Capital Territory, the Families, accoiding to numbei's of species, 
are arranged iu the following secpience—liegumiiiosie 43 species, 
Composite 42, and MyriacGfe34. These figures may lie tiKRiified 
by further discoveries, and the fii'st two Families may even 
change places. 

The genera ai*e represented in the following order: Kucalyptus 
(Myrtacese) 19 species, Acacia (Legumiiioste) 15, Juncus (Juii- 
cacem) 10, and Helichrysuin (Coinpositie) 8. 

Out of 27 species noticed on the suininit of Tidbinbilla, at 
5,100 feet, 15 of these, or 56%, occur in Tasmania; while on 
Bimberi, at 6,200 feet, 22 out of 30 species, or 73%, are found 
in Tasmania. 

"The Taamiuiiwi Flora,” by Leutiard Uodway, (J.M.O.,(1U03). 
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As an ovidptice of eonsulcrahio similarity in rlimate, it iH 
pointcx) out that, in the whole of the Feth'ral C’apital Territory, 
nativo speeioH %ere luitiewl, of which or 65%, arc also 
indigenoiiH in Tasmania. 

J wish to exproHH iny indebtednesH tri Mr, J, H. Maiden, 
F.K.S, tlie late Mr. R Betcilie, and Mr. R (?Iuh' 1 for aNsistaiiet* 
and coriolKiration in tht^ identification ot plants. To Mr. C. li. 
Scrivener, I.S.O., Dim'tor of Commtmwealth Ijands and Sur- 
vey.s, I am grateful for having aiforde^I nu* the op|Kn*tunity and 
fac*ilitieR for visiting tlie various points within the Fwlernl Ter- 
ntory; wdiile to MeflsrH. CharlcN H. McKeachnie, of BooisK)iTiV»a, 
and Marniaduke W. liCe, of (ludgenhy, my thanks art^ due for 
hospitality and fiersonal guidance to the summit of Tidl)inbilla, 
and the heail of the Cotter River respectivedy; also to Mr. John 
Rlumiell for his escort to the summit of Mount Coix^e. 1 have 
also to thank Mr. A. J. Ilan*, Under Hecretary for Jiands, and 
Mr.'K. 15. HarkiH*sw, ITndor Seewt-ary, Chief Ht»cretary’8 Dejiart- 
ment, for information eoneernirig the early reeortls of settlement 
in the locality. 

KXFLANATION OF PLATKS LXXl.-hXXlV. 

Ptat« lxXI. 

(TiiMtMriwt Liithmanm H. T. Baker; gniwjng under slielter of hank on 
Molonglo Hiver. 

Vlate Ixxii. 

OntvU/eajitnipennn H.Br.; near (Jotter and Murnimbidgee Kivem. 

Plate Ixxiii. 

Baiiktna maryin(Ua Gav,; in open forest granite-oountry at Booroomha. 

Plate Ixxiv. 

Swampy plain, with ^ansea Anphyffa »impiicifolia^ JSpaeris 

paiwioM^ JunctiB and iffnealyptua conacea; between Gud- 

genby and Cotter River, at about 4,0(30 feet level. 



712 


ORDTNAUY MONTHLY MEETING. 

Novrmbkr 27tb, 1918. 

Professor H, G. Chapman, M.D., B.S., President, in the Chair 

Before proceeding with the formal btfsiness of the Meeting, 
the President reminded Metnbei's of the Nupnmiely important 
events that had transpired in the interval since the last Meeting 
—the signing of tlie Armistice presaging a victorious peace, and 
the vindication of the strtmuous efforts of the AlHerl Nations to 
re-establish Right and Justice, as opposed to Might and Cunning, 
as the basic principle of rnternational relations. 

The President moved the following resolution, which was 
earned by acclamation, the audience rising:—*'That the Members 
pi*eseiit at this Meeting desire to atiirin their loyalty to the King 
—to record their thankfulness for the cessation of hostilitieii, as 
the prelude to a triumphant peace: their gratHpde for, and ap- 
pitKsiation of, the services rendered to the causes of humanity by 
the Allied Armies and Navies (including those who have so 
worthily represented the Commonwealth), and by tluMe, both 
women and men, who liavo co-operated with them: and their 
sympathy with the bereaved." 

The National Anthem was sung, and cheers given for the King. 

A letter from Lieutenant G. Goldfinch (written from Havre, 
18ih September, 1918) returning thanks to Members for greet¬ 
ings and a friendly message of sympathy when he was in hospital 
in England, in the early part of the year, was oommunieated to 
tile Meeting. 

The list of the names of Members on the Honour Boll—only 
three of whom had yet returned—was read by the Secretary, the 
audience standing, Mr. F. Tomer and Dr. C. Hall expressed 
the hope that the Honour BoU would takei a permanent form— 
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a matter that has not boon overlookorl, hut, at pronont, the roooniK 
available are incomplete. 

Mr. J. H. Campbell, Hon. Treasurer, said that, as the only 
way open to the Society in itH corporate capacity, to help the 
oauoe of the Allies, it had Htibsrunlied to all the War fjoans, the 
total amount being £37,OCH). 


The President reminded Candidates for four Linnoan Mucleay 
Fellowships, 1919-20, that the 30th inst. w’us the last day on 
whioh applications would be received. 

The Donations and Exchanges iHH;eive<l Kinco the previous 
Monthly Meeting (October 30th, 1918), amounting to 3 V^ols., 
38 Parts or Nos., 7 Bulletins, 1 Report, and 4 Pamphlets, iweived 
from 33 SfKuotios, etc., anri one private donor, were laid upon the 
table. 

NOTKS AMD NXmeim 

Mr. Fred Turner exhibited a teratological specimen of the 
Eufopean Pla/tUago lameoffUu, Linn., from Chatswood, in which 
all the spikes or heads had developtxl a number of secondary 
spikes, in a way that he had not previously observed in this 
species in Australia. 

Mr. E. Cheel exhibited a species of Cailiateynon paehyphyllm 
showing the delayed dehiscence of the fruits, corresponding, to a 
certain extent, to those of C. rigidua de8cnl)ed by Professor A. 
J. Ewart (Annals of Botany, xxL, p. 135, 1907). The specimen 
exhibited was taken from a plant cultivatcHl at Ashfteld, and is 
7 feet long. It was originally raised from seed collected at 
Bullahdelah, in August, 1911. The seed was sown on 29th 
October, 1912, germinated on 6th November, 1912, and the plant 
flowered for the first time in October, 1914, but no fruits were 
set In October, 1916, it flowered for the second time, and 
several fruits set; these, in October, 1918, were apparently fully 
developed, and measured 6 mm. in diameter.* In October, 1916, 
the plimt flowered for the third time, and again in April of the 
same year; the individual fruits of both of these clusters measure 
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from 7 to 9 mm. in diameter. In October, 1917, a normal crop 
of flowers was produced; and a few spikes appeared in December, 
and again in April of the same year, so that there were three 
flowering-periods. In October, 1918, the plant had a profusion 
of spikes, and a branch (exhibited) was cut below the fruiting- 
spike of 1916. It will be seen from this, that the fruits were 
normally delayed for three years; and those of 1916 for two 
years, as the valves were unopened; but, ten days after the 
branch was cut, the seeds freely escaped, and some of them, 
when sown, readily germinated. The fruits of the October, De¬ 
cember, and April (1917) flowers were not sufficiently matured, 
as no seeds have fallen from the fruits. It is interesting to note 
that the character of the delayed dehiscence is similar in all 
species of Colltstemon, except (7. inmtruilts, in which species the 
fruits are fully developed about ten months after the flowering- 
period; and the seeds germinate freely as soon as the twigs are 
cut, and the seeds liberated. Prof. Ewart’s observations were 
made in connection with C, rigidua^ cultivated in Melbourne; but, 
so far as the exhibitor knew, C. rigidua is confined to the Port 
Jackson district, and is not a native of West Australia, as stated 
by Prof. Ewart. 



715 


DESCRTPTTONS OP NEW SPECIES OF AUSTRALIAN 
COLEOPTERA. Part xiv. 

By Arthur M. Lka, F.E.S. 

LUCANIDiB. 

LlMtOTKH CIKAMMIOUH, n.sp. 

Blacky shining; parts of appendages obscurely diluted with 
red. Sides and undersurface very sparsely clothed, the legs 
moderately setose. 

Htad gently and almost evenly convex, a fairly large notch on 
each side, front incurved to middle and almost impunctate; with 
large, round, dense punctures at sides and almut eyes, becoming 
smaller towards middle of base. Mandibles not very large and 
almost simple. Byes small, round, completely enclosed, and four 
in number, the lower ones slightly smaller than the others. 
Antennie with three apical joints moclerately large, the apical 
one truncated. Prothorax with sides and base margined, sides 
lightly sinuous, dilated to near apex; with large, round, dense 
punctures on Bidef^ becoming smaller towards middle, the middle 
itself almost impunctate and evenly convex. Elytra scarcely 
longer than head (including mandibles) and prothorax combined; 
each with four, rather wide, shining, impunctate lines from base 
to beyond the middle, elsewhere with crowded and comparatively 
small punctures, but a few larger ones at sides of the smooth 
lines Front tibw with two^ strong, obtuse, apical teeth, and 
three smaller and still more obtuse ones. I^ength, 16 mm. 

Hab.^'Som South Wales: Bodolla (Dr. R. H. Pulleine). 
Unique. 

No other Australian species of Lu9oU$^ except L hitmi (which 
the figure looks like a Awsdsi, and was doubtfully referred 
by Westwood to JOcreus; it was omitted from Masters’ (^talogue), 
has been described as having four eyes; Westwood regarded the 
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type of that species os a male, <lespite the feminine appearance 
of the mandibles; but it was described and figured as having six 
impressed strise on each elytron; on the present species there are 
no strias, their places lieing taken by smooth, shining lines not 
interrupting the general convexity; there are also many other 
differences in the head, antennse, etc. On account of its eyes, 
the species should perhaps have been referred to LisBaplnrt^ 
(howiiUinHB of that genus has sometimes been referred to 
but the head and mandibles are very different from those of the 
species at present referred to that genus. The mandibles of the 
type are touching at their tips, and enclose a top-sltaped space; 
each has an obtuse swelling about the middle of the upper 
surface, and is obtusely bicuspidate at the apex. 

SCARAB^ID-ffi. 

LiPARBTRUR MA.TORINUH, n.sp. 

Black, shining; elytra and appendages reddish-castaneous. 
Front of head, pronotum (including disc), and elytra at base and 
near suture, with rather long, erect, and rather sparse whitish 
hair; undersurface, hind-parts, and legs with dense clothing. 

Head with crowded (but not confluent) and not very large 
punctures, becoming larger and sparser on clypeus, sides of the 
latter conspicuously narrowed and sinuous to apex, which is 
evenly and moderately incurved to middle. Antennis nine- 
jointed. Prolhorax with strongly rounded sides, hind angles 
rounded off, front ones produced and acute, median line vague 
and traceable only towards base; punctures of somewhat uneven 
size, but mostly rather large, and not very crowded. Elytra 
with punctures moderately large, becoming smaller and more 
crowded posteriorly, geminate striae feebly defined. Hxjui^rle 
with rather dense punctures, smaller and denser on propygidium 
than on pygidium. Front tihim strongly and obtusely tridentate; 
hind tarsi with basal joint distinctly shorter than second. 
Length, 9 mm. 

Zra6.~Qaeen8land (unique). 

The erect pilosity is continued on to the elytra from the pro- 
notum, but is not vary dense there; regarding the species, how- 
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ever, as belonging to Group l,of BiacklnirnH Table/ it would Ijc 
aasociated witli L, fulvohirtns^ from which it diilers iu being 
larger, with the prothoracic puiieturcb eoiihiderably larger, and 
the surface more shining; regarding it as belonging to Group 2, 
it would not fit into either F or FF, as the clypeus is neither 
truncate nor rounded in front. It is larger than any previously 
described black species with red elytra from Queensland. Home 
parts of the proiiotuin are very obscurely diluted with red; the 
elytra of the type are without a inein brant jus fringe. 

Lipahktuuh aoutanoulus, n.sp. 

Black; elytra (base narrowly black), land-parts and append¬ 
ages (most of femora excepted) bright reddish-castaneous. 
Undersurface and legs with long, pale hair, a fringe of similar 
luiir on each side of prothorax, but becoming darker in front, 
rest of upper surface glabrous. 

Head with rather small and crowded, but not cunfiueiit punc¬ 
tures, becoming larger and less crowded on clypeus; sides of 
clypeus lightly elevated and strongly narrowed, apex strongly 
elevated, lightly einarginate and acutely produced at sides. 
Antennas nine-jointed. Proikor<ix with sides strongly rounded, 
hind angles widely rounded oiF, front ones acute and produced, 
median line very feeble; with dense and sharply defined but 
rather small punctures, loss numerous along middle than else¬ 
where. Elytra with fairly large punctures, becoming crowded 
towards sides and smaller posteriorly; gemiiiate-striau well-de¬ 
fined. Uind-parU with punctures as on pronotum. Front Hbite 
strongly but obtusely tridentate; front taroi rather thick, basal 
joint keeled internally, claws thickened at base; hind tarsi with 
first joint conspicuously shorter than second. Length, 7-7^ mm. 

Differs in having the clypeus short, truncate in front, with 
the sides not produced, abdomen more convex, legs shorter, and 
front tarsi thinner. 

Queensland: Brisbane(T. McGregor). 

Belongs to Blaokburn’s Group 4, and there would bo referred 
to JJ, but the median line of the pronotum, although fairly 

* Trans. Boy. 6oo. S. Aust. KM, pp.g87-296. 
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distinct, is feeble even at the base; but regarding it os belonging 
to K, it would be associated with L inc«rtH8^ from which it 
differs in the acutangular clypeus of the male, larger punctures 
of pronotuin, and glabrous hind-parts; if inferred to KK, it 
would be readily distinguished from L, viearitui by the clypeus. 
Its front tarsi and clypeus are much as in £. phcsnicopteruBj of 
Group 1 (with which it would he associated in Macleay's system), 
but which has very different clothing. On the male, the club 
is slightly infuscated; on the female, it is no darker than the rest 
of the antennie; on the female also, the whole of the abdomen 
and legs are reddish; on the male, many of the elytral punctures 
are transversely conflilent towards the sides, but, on the female, 
this appearance is less evident. On both specimens, there are a 
few hairs at the (ip of the pygidium, but, except for these, the 
hind parts are quite glabrous; lK>th specimens are without a 
membrane at the apex of the elytra. 

Liparktrcb MiXTUs, n.sp. 

Black; elytra and appendages (parts of the legs deeply in- 
fuBcated) bright castaneous. Undersurface with long, pale hairs, 
a fringe of similar (but darker) hair on each side of pronotum; 
hind-parts with short, dense, erect setw in addition to long hair. 

//soef with rather small, crowded, and more or less transversely- 
confluent punctures, becoming sparser, non-confluent, and slightly 
larger on clypeus; clypeus with sides moderately elevated, 
strongly decreasing and incurved to apex, apex rather strongly 
but obtusely tridontate. Antennss nine-jointed. Prothorax 
with sides rounded and rather strongly produced towards base, 
hind angles widely rounded off, front ones slightly produced 
and somewhat acute, median line feeble; punctures small and 
rather sparse, but more numerous towards sides and front angles. 
Blptra with punctures of moderate size and not very numerous; 
geminate-strioB fairly well-defined. Hindpario with dense sub- 
asperate punctures of moderate sise. Front iibim strongly and 
acutely tiidentate; basal joint of hind tarsi slightly shorter than 
second. Length, 6 mm. 
ff<i6.**New South Woles (unique). 
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At first glance, the second joint of the hind tarsi appears to 
be distinctly longer than the first, but in reality it is very little 
longer. Regarding the species as belonging to Blackburn’s 
Group 4, it would be associated with L, which is a much 

larger species with all parts more or less reddish; if not to Group 
4, it could only be referred to Group 7, and there associated with 
L. iridipenfM^ from which it differs in its bright red elytra and 
clothing of hind parts (the set« of these are very short and 
partially concealed by the hairs, but they are very distinct from 
the sides); each lateral fringe of the pronotum is partly pale and 
partly dark, and although Blackburn tabulated Z, iridtpennu 
fks having the fringe whitish, it is almost as often dark or partly 
dark as whitish; at first glance, it appears to be close to L. 
perkimi of Group 10, but the clypeus has less acutely projecting 
teeth (the type is certainly a male), and the hind parts are 
densely clothed; L, hituherculatuB (also of Group 10) also differs 
in the hind parts and in the considerably longer basal joint of 
hind tarsi. Most of the upper surface is brightly iridescent; the 
femora are almost black; the elytra (of the type) are without an 
apical membrane. 

Liparbtrus iktbrmbdiub, D.sp. 

Black; elytra (except for a narrow space at base), moat of 
tarsi, parts of front tibiss, antennas and tarsi, more or less 
oastaneous. With long hair on most parts, but elytra glabrous 
lhad with crowded and small punctures, but a few of larger 
sise scattered about; clypeus with sparser punctures than between 
eyes, and smaller than the large ones there; sides moderately 
elevated and decreasing (with curved outlines) to apex, which is 
strongly but obtusely tridentate. Antennse nine-jointed. Pro- 
ikorom with sides strongly rounded, hind angles widely rounded 
oS; front ones subacute and scarcely separately produced; with 
comparatively large and not very dense punctures, mixed with 
smaller pnes; median line represented by a feeble basal depression 
only. Slyira with not very dense punctures, no larger than the 
larger ones on pronotum, and becoming smaller and more crowded 
on sides; geminate-stries fairly well-defined. Uind^rU with 
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rather dense punctures, slightly larger on pygidiuni (where they 
are as large as on pronotuin) than on prupygidiuiii. Front UbuB 
sti'ougly tridentate; basal joint of hind tarsi distinctly longer 
than second. Jjength, 7 inni. 

//a6.—Queensland : Cuiiiiainulla (H. Hai^dcastle); unique. 

belongs to Group of blaclchiirn’s Table, but could hardly lie 
associated with L trid«utaiu«, as the clypeal teeth are much less 
acute and less produced; it differs from that species also in the 
clothing of the pronotuin l)cing quite as dense at the base os in 
front, and in the clotliiiig of the pygiditiin; the punctures of the 
prouotuni are also sparser and considerably larger. The clothing 
of the head and base of prothorax is much paler than on most 
of the prothoitkx, where it is black or blackish (it is uniformly 
coloured on L, parvidm* and L, obtnsidhwi); from L, parvideua it 
differs also in having the clypeus more conspicuously tridentate 
(both sexes of that species are before me), and from Z. obtusitkfkB 
in having rather larger punctures (on the elytra as well as on 
other parts). The antenn» are paler than the other reddish 
parts, but the outer parts of the club are lightly iiifuscated. The 
elytra are terminated by an extremely short membrane. 

Liparetrub quiKquKi«OBATUs, n.sp. 

Black; elytra, autennai and palpi bright liavo<castaueous, 
legs of a darker red. Sterna with rather long pale hair, abdomen 
sparsely clothed, clypeus with a few hairs, a pale fringe on each 
side of pronotuin, and extended on to sides of front margin, rest 
of upper surface glabrous. 

Hwd with crowded and small, aon-conUuent punctures, an 
irregular row of larger ones near clypeal suture; clypeus with 
sparser and larger punctures than between eyes, sides strongly 
narrowed and suddenly incurved near apex, which is strongly 
and acutely tridentate. Antcniiie uiue-jointed. l^^ofAoraac with 
sides strongly rounded, hind angles widely rounded the front 
ones acute, median line sliallow; wiUi dense and sharply defined 
but rather small punctures. Elytra with rather sparse punc¬ 
tures of moderate sixe, becoming smaller and denser at the sides 
and apex; geminate-strisa well-defined, apical membrane narrow 
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but conspicuous. I/ind-parU witli dense punctures, mucli as on 
pronotuin, but a few of larger size sea tiered about. Front tihitt* 
Htruiigly but obtusely trideiitate; basal joint of bind tarsi con¬ 
spicuously k»uger than second. J^ength, 8-8^ iiiin 

//a6.—Queensland : Cloncurry (H. Hai:ker). 

In Rlackburn's Table, would lie associatal with A. jmrkmsi, 
but differs from that species ill being much larger, nondridcscent, 
prothoracic punctures considerably larger and more sliarply 
defined, and elytra! punctures larger L. indeniatHi^ which has 
a somewh'it similar clyjieus and Is similarly coloured, has the 
front lialf of the pronotuiu densely clothed; from A. inUimedim^ 
it differs in being larger, clypeus strongly incurved liefote the 
apical teeth, prothorax glabrous on disc, and with smaller and 
much denser punctures, elytra entirely pale, etc. The clypeus is 
conspicuously tridentate in front, but the sides near the apex are 
strongly incurved, so that, when viewed obliquely from liehind, 
it appears to consist of five almost equal lolies; immediately 
liehind its suture, the surface is shining and sparsely punctate, 
with large punctures marking the position where the sparse and 
dense punctures meet. On the two specimens before me, the 
hind parts are entirely glabrous, except for a few haiis on the 
pygidium. 

HaHLONYCHA COI.OS8A, ti.sp. 

Bright reddish’castaneous, elytra paler. Undersurface and 
legs with dense, golden hairs, a few similar hairs at sides of eyes, 
and forming a thin row in each lateral gutter of pronotuiii; mem¬ 
branous fringes of elytra very short; pygidium glabrous. 

Heofl with rather small but sharply defined punctures, licconi 
iiig somewhat larger and more numerous (but not confluent) 
about clypeal suture; front face of clypeus with numerous 
setiferous punctures on sides, but setse confined to a single row 
across middle. Antenuie with fourth joint slightly longer than 
third, the five following joints forming a club. Maxillary palpi 
rather Jong, penultimate jokit slightly longer than antepenulti¬ 
mate, and soaroely shorter than api^. Prothorm more than 
thrice as wide as long, sides rather strongly rounded and feebly 
arcuate to base and apex, front angles somewhat produced, hind 
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ones obtuse and not completely rounded off; with rather small 
but distinct punctures, sparser in middle than elsewhere. Blytra 
moderately dilated to about the middle; punctures fairly numer 
ous, except between the geminate striie (these very close together); 
suture very feebly mucronate. Pyyidium shining, lightly con¬ 
vex; with rather small, scattered punctures. Basal joint of hind 
tar$i distinctly shorter than second. Ijength, 32 mm 
Western Australia. 

I have bad the type for many years under the name of if. 
gigarUeOf but although looking like a large specimen of that 
species, it may be at once distinguished by the maxillary palpi; 
on if. giganiea, the antepenultimate joint is slightly longer than 
the penultimate, hence Blackburn referred it to his Group 5. 
On the present species, the penultimate is slightly the longer, 
hence the species must be referred to GC, of his Group 4, and 
there associated with //. nobilia, from which it differs in having 
the prothorax more transverse, and the fifth joint of the antennn 
(instead of the sixth) the first of the club. The rami of the club 
are decidedly long, but as that of its first joint is only about half 
the length of the second, the type appears to be a male. From 
some directions, the pronotum appears to have a fine, iridescent 
bloom. 

Novapds pakvus, u.sp. 

Reddish-brown, head and parts of legs black. Under¬ 
surface, legs, and upper part of pygidiura with dense, rusty-red 
hair, upper surface glabrous. 

Haad with crowded and irr^uiar punctures; with a sharp, 
short, oblique, simple horn. Antenna ten-, club three-jointed. 
Protharax about one-fourth wider than long, hind angles rounded 
off, front ones produced and acute, with a large discal excavation, 
its front part with transverse sculpture; with punctures of 
moderate sise, but very irregularly distributed. Myira with 
sutural and lateral stria well-defin^, but the others represented 
by feeble depressions or oblique scratches; punctures small and 
sparse, but becoming numerous at apex and sides. Fygidium 
with numerous rather small punctures, becoming larger and 
crowded at base. Length, IG mm. 
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ttab .—Western Australia: Swan River (A. M. 1/ea); unique. 

Much stnaller than any previously described species, with the 
prothoracic excavation unusually small and shallow (it scarcely 
occupies one-third of the width of the prothorax), and the 
cephalic horn very small and simple (scarcely half the length of 
that of iT. niunphx). At first glance, the type bears a strong 
supei*ficial resemblance to the males of /sodon pecnariua, but the 
horn is on the head, not on the prothorax. 

Crtptodus abbrrans, n.sp. 

Black, not very highly polished (the elytra subopaque), parts 
of undersurface and of legs obscurely diluted with red, club of 
antenntc paler. Upper surface almost glabrous, undersurface 
sparsely and irregularly clothed, pygidium with a few short settc. 

Head with rather large but not very dense punctures; olypeus 
with front margin rather strongly elevated and truncate, lateral 
margins lightly elevated and oblique, suture well defined towards 
sides but obsolete in middle, where the surface is slightly elevated; 
mentum large, with large, shallow punctures, depressed in front, 
base rather lightly notched, with a few setw and long bristles. 
Antennn apparently nine-jointed, club three-jointed. Protharojf 
rather strongly convex, about once and one-half as wide as long, 
sides strongly rounded, base bisinuate, front angles obtusely pro¬ 
duced, the hind ones rounded oflf, median Hue rather vague; with 
fairly large but nowhere crowded punctures. Elytra at base the 
width of prothorax, slightly dilated to beyond the middle; surface 
finely shagreened, with well-defined rows of fairly large punc¬ 
tures towards suture, but becoming smaller and irregular towards 
side and apex. Pygidium with fairly large but rather shallow 
punctures. Four hind iibim strongly serrate or digitate at apex, 
each notch with a seta; front claws simple. Length, 11 mm. 

Afoi.—Northern Territory: Darwin (N. Davies); unique. 

In its comparatively small sixe, convex body, and general 
appearance,' the present species certainly does not look a 
Cryptodue;"^ but the wide mentum concealing all the mouth-parts 

* Neither does 0. groempu^ at first ghuioe, appear to belong to the genus, 
but its remarkable mentum is almost exactly as in C, eaviec^, whioh is 
quite an onlinaiy species of Cryptodun, 
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is like that of Cryptodus^ aiH] utterly diflerent from that of any 
other Australian genus of DymvBiider, the projoctiou in front 
of the prosternuin^ and tho triangularly ililated basal joint of the 
an ten me are also as in (jryptiida$\ the four hind-ti bite are digitate 
instead of truncate at apex, and ai*e certainly not fringed with 
setn (as on normal Dyiui$i\d9»)t but, at the base of each notch, 
there is a seta; smaller and less distinct setie, however, are pre 
sent on several other species of Cryptodtis (e.g., (7. tasmanianus)^ 
although they need t(» lie closely looked for. The base of the 
mentum is less deeply notched than is usual in those having it 
notched, in this respect agreeing with C. yigfM; in C\ UtsmanianuM, 
it is truncate; and, in (J. caviceps and V. grosBlpes, it has a long 
and almost vertical process; the apex of tlie basal joint of 
aiiteniise is less conspicuously produced over the following joints 
than is usual in the genus, but, from some directions, it entirely 
conceals tlie two following joints. The elytra, at first glance, 
appear to be glabrous, but, on close examination, some very fine 
setSB become visible; there are three or four interstices on each 
elytron slightly more prominent than the others, but not one is 
conspicuously elevated. The sex of the type is doubtful, as many 
males of Crypiodus have tlie front claws simple. 

OORTNOPHYLLUB IVTBROCOLABIS, n.Sp. 

^ Black; anteiinn, most of legs and of undersurface more or 
less castaueous’brown. Undersurface and legs with rather 
dense, rusty-red hair; upper surface and pygidiuin glabrous. 

Head concave, and with irr^ular (but not very dense) trans- 
vcrsely-conduent punctures between eyes; clypeus moderately 
long, punctures more or less confluent, apex and sides rather 
strongly elevated, basal carina strongly elevated (sub-tuberculate) 
in middle; meutuin gently convex. Anteunie ten-, club tbrec- 
juinted, rami large, about as long as head is wide. FroAorate 
not twice as wide as long, sides strongly rounded, apex bisinuate, 
front angles produced, bind ones rounded a rather small 
excavation in front, the middle of its front margin with a small 
tubercle, basal gfitter distinct at sides, but not traceable across 
middle; with small and sparse punctures, becoming more numer- 
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0 U 8 on sides and larger in excavation. Elytra the width of pro- 
thorax; with irregular mws of large punctures in distinct striep, 
but becoming very irregular about apex. Pygithnm with vario- 
lose punctures, almost absent along middle, but crowded in upper 
corners. Spurs of hind iibut stout, and very une<|ual. Tjength, 
15^-17 min. 

//a6.—New South Wales (Dr. E. W. Ferguson), Jenolan (J. 
C. Wiburd). 

With the general outlines of C. matiestui^ but elytra dark and 
club of antennn considerably smaller than in the male (although 
much larger than in the female): from the dark form of C f^rt- 
numt, it is at once distinguished by the very different clyijeus 
and single cephalic elevation; V. andeT9on% has the clypous dif¬ 
ferent, and the club much larger. One of the specimens before 
me has the upper surface entirely deep black, but, on the other, 
it is obscurely diluted with red; on the latter specimen, the 
clypeus is distinctly bilobed in front, but, on the other, it is 
almost simple there. Some of the elytral strife are irregularly 
geminate in arrangement. 

EUCNKMIDiK. 

MiORORUAOUB RI7F1C0LIJB, n.sp. 

Black ; prothorax and legs red, tarsi paler, antennae dull 
piceous-brown, the two basal joints somewhat brighter. Some¬ 
what irregularly clothed with depressed, more or less stramineous 
pubescence. 

Uwd with dense, partially concealed punctures; with a fine 
transverse caiina near the base, and a very feeble longitudinal 
one near each eye; these large and prominent. Antennn long 
and thin, second joint very shorti third slightly shorter than 
first, and slightly longer than fourth, fourth to sixth somewhat 
wider than the others, fourth to tenth slightly produced on one 
side at apex, eleventh very thin, and conspicuously longer than 
tenth. Pr^thoram at base almost twice as wide as the median 
length, front angles rounded, hind ones strongly produced and 
acutely carinated; front margin oarinated, the oarina on each 
side with a diort spur extended towards but not meeting the one 
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on the hasal angle; with a vaguely impressed median Une, 
becoming carinated at base; punctures moderately dense. Elfira 
parallel%ided from near shoulders almost to apex; with punctures 
of moderate siae about base, becoming smaller posteriorly, Imt 
about tip decidedly coarse. length, 3^ mm. 

Zfoft.—N.S.W.; National Park (A. M. Lea); unique. 

The second joint of antennie has a curious appearance as of 
being forced out of alignment. The elytra! punctures are more 
or less lineate in arrangement, but not placed in striie, the 
sutural stria (and that only from about the middle) is the only 
distinct one on each elytron; elsewhere there are but vague 
remnants of striation, or none at all. The prosternal sulci are 
deep, parallel-sided to near the base, and somewhat narrower than 
the propleural parallelograms, which are about once and one-half 
as long as their basal width. 

Hruiopsida LONOicoRNis, n.sp. 

Dull castaneous-brown; head, basal joint of antennm, junction 
of prothorax and elytra, sterna, and hind coxm, black or blackish. 
Rather densely clothed with moderately long, stramineous 
pubescence. 

Head densely granulate-punctate; with a subfoveate impres¬ 
sion between antennary sockets; olypeus widely depressed in 
middle. Antennw long, slightly passing elytra, second joint 
very short, third slightly longer than first and distinctly longer 
than fourth, fourth slightly shorter than fifth, fifth-tenth sub- 
equal in length, eleventh almost as long as ninth and tenth com¬ 
bined. Pr^koran strongly convex, front angles rounded, hind 
ones acute and obliquely produced on to shoulders, with a very 
feeble median line; with dense, rugose punctures. Elytra slightly 
wider than hind angles of prothorax, parallel-sided to beyond 
the middle; with rather dense and irregular, but sharply dstoed 
punctures, becoming crowded about base; striation weU-defined 
throughout, but espaoially on apical fifth. Ahdomun with a desp^ 
ocmspiouous, hairy depression on each side of middle, extending 
from tip of first segment ,to tip of fourth. Length, 6-6| mm. 

Queensland: Mount Tambourine (H. Eaoker^s No.8fi6). 
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Readily distinguished from all other species, except H. 
ventralxB^ by the abdominal depressions; the antennm are also of 
unusual length; H, veniralis has the abdominal depressions com¬ 
mencing nearer the base of the first segment., and not continued 
beyond the thirds and its antennie are shorter and more con¬ 
spicuously (although not strongly) serrated. 

Dyscolocbrus pokosus, n.sp. 

Black; undersurface, antennss, and legs obscurely reddish. 
With very short pubescence. 

Head with crowded punctures, with a very feeble depression 
on clypeus. Antennie rather stout, eight basal joints densely 
punctate, second joint slightly longer than fourtli, third slightly 
longer than two following combined, fourth to eighth equal and 
strongly transverse, ninth about as long as three following joints 
combined, and conspicuously wider, slightly longer and wider 
than tenth and much shorter and distinctly wider than eleventh, 
three apical joints as long as the seven preceding combined. 
Pfvthorax with sides rather strongly rounded in front, hind 
angles acute, with the outer side at each somewhat oblique, 
median line rather shallow but well-defined; with crowded punc¬ 
tures of moderate size. £ly(ra parallel-sided to beyond the 
middle; punctures at base as on prothorax, becoming somewhat 
smaller, but almost as crowded posteriorly; striation well-defined 
throughout, becoming deep posteriorly. Length (^$)i 7-11 mm. 

9 . Differs in being slightly more robust, antennie shorter, the 
three terminal joints distinctly shorter than the seven preceding 
combined, the ninth scarcely shorter than the eleventh, and the 
fourth-eighth not transverse. 

Hab. N.S. W.; Forest Reefs.—W.A.: Swan River(A. M. Lea). 

The antennn and sterna are somewhat darker than the abdo¬ 
men and legs, but no parts are conspicuously reddish; the front 
of the prothorax of several specimens is very obscurely diluted 
with red. The pubescence of the upper surface is black and 
very short, but on the head, and base and apex of prothorax, it 
becomes longer and greyish, on the undersurface it is uniformly 
pale. On one specimen, the head appears to have a feeble median 
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line, hut it is quite absent from the five others before me. The 
Swan liiver specimen has the sterna and femora quite black. In 
some respects, the female is close to the description of Lycnon 
but the foitrih joint of the antennm is no shorter than the 
fifth, and tiiv prothorax has a conspicuous median line. The 
types were taken in cop. 

Dybcolocerus rubkivrntris, n.sp. 

Black; abdomen and legs bright rerl, antennie reddish, 
l>ecoming darker towards l)aBe, with the basal joint black. 
Clothed with blackish and ashen puliescimrc, becoming paler and 
more uni form on the undersurface. 

Antenni!^ with secimd joint slightly longer than fourth, third 
slightly longer than fcmrth and fifth combined, fourtli-eightli ruIp 
equal in length, ninth>eIoventh as long as first seven combined, 
ninth slightly wider than the following ones, almost as long as 
tbo four preceding combined, about one-third longer than tenth, 
and about two-thirds the length of eleventh Length, 5^6 mm. 

9* Differs in having the fourth*eighth joints of antennie slightly 
wider than long, the ninth eleventh scarcely as long as the seven 
preceding combined, and the eleventh very little longer than the 
ninth. 

//oft.—N.S.W.: Jenolan (J. C. Wiburd). 

The description of the sculpture of the preceding species, 
except of the antennse, applies exactly to the present species, but 
besides the conspicuously red abdomen (in striking contrast to 
the black sterna) it differs from that species in having the three 
terminal joints of anteonss longer (in ^th sexes) and the fourth- 
eighth joints of the antennss of the male much less conspicuously 
transverse. 

DiOTTXDOirsifis, n.g, 

moderately larger antennary sockets comparatively small 
and widely separated. Mandibles large, prominent, strongly 
curved, their hind outline straight. Antennie thin and rather 
long. Protkoram moderately transverse, hind angles small, pro¬ 
duced slightly outwards but not backwards, and not embra^g 
the elytra. SeikUOfwm subquadrate. Elytra strongly convex, 
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distinctly wider than elytra, parallel-sided to near apex, epi- 
pleural fold narrow but traceable almost to apex. ProBtern%im 
with propleiiral triangles each with a narrow carina internally, 
and a still finer one externally, the two touching the apex at a 
alight distance (about equal to the length of the second joint of 
antennae) from each other. Metasternum with episterna narrow 
and parallel-sided. Abdomen with first segment at the si<le 
about as long us tho fifth along middle. rather long; inner 

half of hind coxae moderately long (alaiut half the length of 
second segment of abdomen), then strongly narrowed to sides; 
tarsi moderately long, second, third, and fourth joints of exactly 
the same shape hut decreasing insixe; claws each with an obtuse 
swelling at base. 

The protborax is very aberrant for the family, but the com¬ 
bination of entire absence of a visible labrum, mandibles closely 
applied to the breast and concealing the palpi within the buccal 
cavity, intercoxal process of prosternuin narrow and recei\ed 
into a deep groove in the mesosternum, and abdomen with fi\e 
segments, forbid its being placed in any other family. The face 
is vaguely suggestive of some females of the lihipidoceridn*. In 
Blackburn’s Table, the genus would be assoednted with Lycaan 
Hemiopeida)^ with some features of whicli it agrees, but the 
base of the prothorax is at once distinctive from that, as from 
all other Australian genera. There is nothing at all approaching 
it in the Plates accompanying Honvouloir's monograph. The 
punctures of the head and protborax are remarkable. 'J he ex¬ 
ternal face of the mandibles is densely punctate, tho punctures 
(except towards the base) within a depression enclosed by shining 
oarinss, which meet near the tips. 

DlCTTBUOlTBlilB MIBUS, n.Sp. 

Blackish-brown, or castaneous-brown, appendages somewhat 
paler. With not very dense, and very short, whitish pubescence. 

Head with large, shallow, net-like punctures, margined by fine 
oarbus, and with the inner part of each puncture flat and 
shagreened; antennaiy sockets almost as far apart as the length 
of the three bsfsal Joints of antennw, Aatennie extending almost 
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to hind coxce, first joint not carinated, and slightly longer than 
third, second about half the length of fourth, third about as 
long as fourth and fifth combined, fifth to tenth very feebly 
decreasing in length, eleventh slightly longer than tenth, and 
about the length of ninth. Proihqtfxx truncate in front, front 
angles rather strongly rounded, sides thence feebly undulated to 
base, a transverse impression near base, marking off a wide and 
short median ]ol>o, with vague remnants of a median line, and a 
vague foveate impression on each side of middle; punctures as 
on head. Scniellum with apical half polished and almost im- 
punctato. Elytra about one-fourth wider than prothorax, and 
about five or six times as long; with numerous distinct punctures 
and small round granules, becoming more crowded about base; 
striation well defined. ProBte^^ntim with moderately large punc¬ 
tures, each with a central pit, on middle portion, the propleural 
triangles with punctures much as on upper surface, but less 
defined. Apical segment of abdomen with dense, asperate punc¬ 
tures, each side with a shallow depression. Lege densely asperate- 
puDctate; first and fifth joints of tarsi of equal length, and each 
about as long as third and fourth combined. Length, 7-l0|inm. 

//aJ.—W.A.; Mullewa (Miss J. F. May). 

The two specimens taken by Miss May are evidently con- 
specific, but the larger one is much darker than the other, with 
some parts almost or quite black. 

Nkuatodihub, n.g. 

Head short, mandibles strongly sinuous posteriorly, antennary 
sockets short and widely separated. Antennss short, first and 
third joints long. Prothorax subquadrate, entirely concealing 
head from above. Soutellum subquadrate. Elytra with an epi- 
pleural {old at apex, and with suture armed. Proetemum with 
a vague longitudinal impression towards each side, the impres¬ 
sion bounded outwardly by a fine carina (representing the pro- 
stemal suture), then with a narrow, almost parallebsided space 
between the carina and margin of pronotum (this represented by 
a thin but not continuous carina). Metastemum elongate; 
episterna very narrow. Abdomen evenly convex, apex evenly 
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rounded. L^g$ not very long; liind coxeo moderately long near 
whei'e they touch, suddenly narrowed, and then almost parallel- 
sided to sides; tarsi thin, fourth joint very small and simple; 
claws thin, with a slight basal swelling. 

The only species known has the top-heavy appearance of 
Nemat4idnH and Trigatiopleurua^ hut it differs strikingly from 
these genera in the prosternal scleritos, and in the tips of the 
abdomen and of the elytra. Although the prosternal sutures 
are not deeply impressed (they are, however, almost parallel with 
each other) as they are in Micrurkagua and Ent&mophthalmua^ 
the side-pieces may be regarded as propleural parallelograms, as 
in those genera; whilst, in Nemaiodea and TrlyonopUurua^ the 
side-pieces are decided triangles. Tn Blackburn’s Table, the 
genus would be associated with from which it is at 

once distinguished by the elytra. The only genus at all ap¬ 
proaching it in the tips of the elytra is GaJba^ with which it 
has scarcely anything else in common. In catalogues, it may 
be placed near NematinUa, 

NiMATODINirs ARMlPKNNfS, n.sp. 

Of a dull castaneous brown, legs and antennn somewhat paler. 
Moderately clothed with Bhort» stramineous pubescence. 

Uwd with crowded but not very large punctures. Antennie 
not passing middle cox», second joint very short, third about as 
long as the three following combined, fourth slightly longer than 
wide, fourth-tenth subequal in length but feebly dilated till the 
tenth is feebly transverse, eleventh scarcely wider but distinctly 
longer than tenth. Proikorax about as long as wide, front 
straight across middle, with a fine marginal carina curved at 
each side, and then continued parallel with the prosternal suture 
till it obliquely diverges to margin the hind angle, with a feeble 
medio-basal carina, each side of base depressed; densely granulate- 
punotate. Elytra with outlines continuously parallel with those 
of prothorax to near the apex, with crowded granulate-punctures 
about base, somewhat sparser elsewhere; tips with an epipleurat 
told from about level with base of fifth segment of abdomen, 
densely granulate and each with an oblique projection at the 
suture; striation feeble. 
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//oi, - Queensland: Cape York (H. Elgner). -Northern Terri¬ 
tory: Darwin (N. Davies). 

Seen directly from behind, the tips of the elytra appear to 
enclose the tip of the abdomen, and each to have a short semi¬ 
upright process at the suture. On one specimen there is a con¬ 
spicuous Carina on the prostcrnum extending from the left eye 
to the middle of the intercoxal process, but it is accidental, as it 
is not represented on the right side, and is absent from two other 
specimens. 

Arisocbphalus, n.g. 

Htad wide, antennary sockets large and moderately close 
together, clypeus sinuous in front, its edge finely carinated. 
Anronnae variable. Prothorax moderately transverse, basal 
angles not very long but acutely carinated. Elytra subparallel- 
sided, with a wide epipleural enlargement from base to hind 
cozss. ProHte^'Hum with a conspicuous carina marking the suture 
on each side from front coxa to level with middle of eye, pro- 
pleural triangles bounded externally as well as internally by a 
conspicuous carina. Metasternum with episterna rather narrow 
and parallel-sided for some distance, but dilated posteriorly. Ah- 
dvmtn with fifth segment about as long as the two preceding com¬ 
bined. Hind (except for an incurvature at trochanters) 
almost parallel-sided from inner to outer margins; tarsi com¬ 
pressed, fourth joint small and feebly produced on lower surface, 
claws each with an obtuse basal swelling. 

In Blackburn’s Table, this genus would be associated with 
MicrorhayuM and EniomaphthaltnuB^ but the propleural triangles 
(instead of parallelograms) and prosternal sutures not suleate, 
make it certain that the genus is not even close to these The 
tricarinated clypeus of two of the species is suggestive of affinity 
with irisws, but that genus has prosternal lateral sulci, and 
metasternal sulci; the general outlines, however, and especially 
the head, are much the same. The propleural triangles are 
without the least traces of longitudinal sulci, but are gently 
concave, or flat throughout; the carina marking the prosternal 
suture touches the front margin inwards of the point where the 
marginal carina touches it, instead of meeting it there as on most 
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genera of the family, in consequenrc, the triuiigle& are not acutely 
pointed. 'Flie hind coxae are very distinctive, being slightly 
wider at their outer than their inner iniirgins; the tarsi, when 
viewed from the aides, appear to be moderately wide, but very 
thin from above or below. In A. ftasreZu, the fifth segment of 
the alxlomen is somewhat shorter than in the other species, but 
its tip is somewhat produced (although much less conspicuously 
so than in and IVigonopleurng). The size and general 

appearance of all the species are suggestive of CardiaphoruB of 
the Elateridi^. 'rype-species, A.flmvptB, 

Hoooiid joint of anteniiiv (viewed from above) dintinetly nhorter 

than third. ... ./aripe/t. 

Second Joint distinctly lunger than third. 

Klytra entirely reddish . 

Klytra reddish only about base .fioso/t#. 

Arisogbphalus PLAVIPBB, 11.sp. 

Black; extreme apex and base of prothorax, apex of scutollum, 
and antennto (basal joint darker) reddish, elytra (liase, suture, 
and sides excepted) and undersurface (parts of abdomen paler) 
of a dingy reddish-brown, legs (hind coxes excepted) flavous. 
Densely clothed with short, more or less upright pubescence, 
sooty on the head and prothorax, mostly paler elsewhere. 

lhad with crowded and rather small punctures; with a con¬ 
spicuous median cariua from near base almost to apex: aniennary 
sockets bounded by a curved cariiia, the same joined in front to 
the side of the clypeal margining carina. Antennce extending 
to about hind coxsb, second joint of antenna (as viewed from 
above) somewhat shorter than third, third distinctly shorter 
than fourth, its apex somewhat produced to one side, fourth- 
eighth strongly serrate (almost pectinate), ninth-tenth less 
strongly so, eleventh distinctly longer than tenth. Prothorox 
not much wider than long, sides rather strongly rounded in 
front, hind angles feebly directed outwards, the carina on each 
acute and about once and one-half the length of the scutellum; 
with a rather feeble median line, altering at the base to a feeble 
carina; punctures crowded and small, becoming smaller and still 
more crowded on sides. ScuiMim with moderately dense punc- 
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iurcs, and a feeble median carina. Elytra parallebeided to about 
the middle, thence gently decreasing in width to apex; densely 
granulate-punctate throughout, but more densely about baso 
than elsewhere; striation well-defined throughout. 
with a rather wide, shining, median line, lightly impressed along 
its* middle. Tip of abdonttn rather densely granulate-punctate. 
Length, 6 mm. 

N.S.W.: Sydney (A. M. Lea); unique. 

From some directions, the pubescence of the elytra appears to 
he as dark as tliat of the prothorax, but, from others, most of it 
is seen to be paler: the front, produoed portion of each of the 
fifth-eighth joints of antenn« is not much shorter than the 
joint itself. 

Arisocbpiialus RUFfPRNNis, n.sp. 

Black; extreme apex and heme of prothorax, elytra, abdomen 
(in places feebly infuscated), legs (hind coxw and femora ex¬ 
cepted), and antennw red or reddish. Densely clothed with 
short pubescence. 

ffead with crowded and rather small punctures; with a con¬ 
spicuous median carina traceable to near base, but not on to 
clypeus; anteiinary sockets each with a narrow margining carina 
from eye to side at apex of clypeus. Antcnnic moderately long, 
second joint distinctly longer than third, and almost as long as 
fourth, fourth-tenth equal in length, hut fourth-seventh wider 
and more strongly serrated than the ninth and tenth, eleventh 
almost as long as the ninth and tenth combined. Prothorax 
slightly more transverse, but otherwise much as in preceding 
species. Elytra parallel-sided to beyond middle, with dense 
punctures about base, becoming less crowded (but quite sharply 
defined) elsewhere; striation lightly impressed and, in places, 
scarcely traceable. Length, 6 mm. 

Ilab, ^Tasmania; Bouthport (John O. Dawson); unique. 

In general appearance close to the preceding species, but elytra 
more brightly coloured, and with different punctures and strin, 
second and third joints of antenne difforently proportioned, the 
following ones much less conspicuously serrated, and the median 
line on the metasternum less conspicuous. The clothing on the 
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pale parUi is somowhat stramineous; on the dark parts, it is darker. 
Tn this and the following species, the hind coxa* at the sides are 
a trifle longer than the second abdominal segment; in the pre¬ 
ceding species, they are of exactly the same length. 

ArIBOCBPHALUB liASALIS, n.bp. 

Black; basal fifth of oiytra reddish, tihisG reddibh, femora and 
coxsB darker, tarsi paler, antennee dull reddish-brown, secorjd and 
third joints and the tips paler. Clothed with very short and 
mostly stramineous pubescence. 

IlMid with cn)wded and rather small punctures; with a con¬ 
spicuous median carina from base to apex, an oblique cariiia on 
each side of clypeus from apex to base, where they almost touch 
the median line between the antennary sockets. An ten rise not 
very long, second joint short but distinctly longer than third, 
the two combined slightly longer than fourth, fourth-tenth equal 
in length, but decreasing in width from the sixth, and rather 
feebly serrated, eleventh about once and one-half the length of 
tenth. Prothorax much as in A, Jlaoipei except that the punc¬ 
tures are smaller. Elytra parallel-sided to about the middle; 
with rather dense, well-defined punctures, becoming crowded at 
base; striatiou fairly well defined. Abdomen with fifth segment 
somewhat produced at apex, and densely granulate-punctate 
there. Length, 3^ mm. 

//a6.—N.S.W.: Qalstou (A. M. Lea); unique. 

The third joint of the antennae, although very short, is not 
** excessively minute ” as in Ent4)mophthalmu9y and the fourth 
Joint, although somewhat larger than the fifth, is scarcely longer. 
The carination of the head is more pronounced than in the other 
species of the genus, and is much as on ArUtis eannaiieeps, 

Fornax niqbb, n.sp. 

Black. Clothed with short, depressed pubescence, paler about 
base of prothorax and of elytra than elsewhere. 

Head with crowded subasperate punctures; with a feeble longi¬ 
tudinal carina, and a conspicuous interocular one. Antennn 
moderately long, first joint about as long as three following com¬ 
bined, second shorter than third, and third than fourth, fourth- 
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tenth equal in length, eleventh somewhat longer, Pvothorav 
with fixwit angles somewliat rounded, sides thence parallel to 
base; with punctures as on head ; median line well defined 
towards base, but feeble in front. Elytra with crowded, asperatt* 
punctures about base, becoming less crowded and moit* sharply 
defined posteriorly; striation distinct throughout. Hind conr 
evenly and strongly narrowed to sides, greatest length about 
equal to that of second abdominal segment; basal joint of hind 
tarsi about as long as the rest combined. Length, 4j mm. 

//a6.--W.A : Mount Barker (R. Helms); unique. 

In general appearance, strikingly close to F» Bni^iraluy but 
readily distinguished by the comparative lengths of the third 
and fourth joints of anteiiniie. The pubescence on the under- 
surface appears ashen or blackish according to the point of view; 
on the upper surface, it is almost entirely dark. 

Fornax cabtanbub, n.sp. 

Castaneous, tarsi somewhat paler l>enHely clothed with 
short, stramineous pubescence. 

Head strongly convex; with crowded but rather small punc¬ 
tures; inter-antennai-y carina not continued beyond antennary 
sockets. Antennw not very long, second joint slightly longer 
than fourth, third almost as long as fourth and fifth combined, 
fourth-tenth subquadrate, fourth and fifth short, but combined 
considerably longer than sixth, sixth to tenth subequal, eleventh 
distinctly longer. Proihorw with sides rounded in front, thence 
almost parallel-sided to base; with dense and sharply-defined but 
rather small punctures, becoming crowded on sides Elytra 
parallel-sided to near apex; base with crowded subasperate punc¬ 
tures, becoming smaller and more sharply defined posteriorly; 
striation well-defined. Hind omebb strongly and evenly narrow^ 
to sides, which are very short, greatest length slightly more than 
that of second abdominal s^meiit; basal joint of hind tarsi dis- 
tiiiotly shorter than the rest combined, fourth slightly narrower 
than third, and scarcely produced on lower surface. Length, 
6 mm. 

N.S.W.; Sydney (A. J. Coates). 
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In general appearance, strikingly close to some of the larger 
specifnens, tliat I have referred, with doubt, to K panmluB, but 
the fourtli and fifth joints of uiitoniia*, although short, are (coni' 
billed) distinctly longer than the sixth; the hind tarsi arc sotiie- 
what aberrant for the genus. 

A smaller (4} nun.) specimen from Queensland (iJalby, Mrs. 
F. ]{. liobler) appears to lieloug to the species, but is more 
lightly coloured, witli a vague renuiaiit of a median line on the 
prothorax ^completely abstuii from the typo) and with slightly 
shorter antennie and legs. 

Fornax majokinus, n sp. 

Dark castaneous-browu, atitentue and legs paler. Vcry densely 
clothed with rather short, stramineous pubescence. 

//ead witli dense but not very large punctutt^s; inter-antennary 
Carina widely interrupted in middle. Antennie moderately long, 
second joint slightly longer than fourth, third almost as long as 
fourth and fifth combined, fourth slightly shorter than fifth, and 
fifth than sixth, sixth-tenth sul>equal in length, eleventh almost 
as long as ninth and tenth combined. Prothorax witli sides 
strongly rounded in front, thence parallehsided to base; punc¬ 
tures dense, rather small and subasperate, becoming crowded on 
sides. Elytra parallel-sided to beyond the middle; with dense 
asperate punctures about liasc, becoming smaller posteriorly; 
striatioD well defined. Uind ratxe produced to points at the 
sides, greatest length distinctly more than that of second al>- 
doiiiinal segment; hind tarsi with basal joint as long ns the rest 
oombitied. Length, 8^ mm. 

N.S.W.: Byron Bay (C. Watson); unique. 

A comparatively large, rebust species. 

DrSTBlOONlSTHIS LATICOLU8, ll.Bp. 

Of a rusty-castaneouB, appendages somewhat paler. Densely 
clothed with short, rusty pubescence. 

Hoad with rather coarse, crowded punctures; clypeus shallowly 
oonoave. Antennie with second joint Bhort>, third about as long 
as fourth and fifth combined, fourth-eighth subequal in length 
and with rounded sides, ninth almost as long as three preceding 



738 


NKW SPBC1S6 OF AU8TBAMAN COt.EOPTERA, XIV., 


combinoci, slightly shorter than eleventh and slightly longer than 
tenth. Prothomue sides strongly iHiurided in front, and then 
increasing in width to base, extreme base distinctly wider than 
elytra, and about twice the width of apex, with a rather feeble 
median line disappearing before apex; with very dense, and 
moderately large, round punctures; with a small, round fovea on 
each side, close to middle of base. Elytra parallel-sided to 
beyond the middle, Ijaso densely granulate-punctate, elsewhere 
with fairly dense but smaller and more sharply defined punctures; 
striation well-defined, first and second stria; on each elytron 
opening out into a short, deep, oblique sulcus close to apex. 
Hind eown with greatest length about equal to that of second 
abdominal segment, obliquely decreasing to each side, which is 
about one-third the greatest length. Length, 15 mm. 

//oi.—N.S.W.: Mount Irvine (I)r. E W. Ferguson); unique. 

The prothoracic punctures, although dense, are quite sharply- 
defined on the disc; on the sides, they arc more crowded and 
irregular. Froui some directions, the basal fifth of the elytra 
appears to be closely covered with fine, transverse corrugations. 
The three, long, terminal joints of antenusa are suggestive of (the 
Australian species of) Dyaeoloeet'UH, hut the deep, lateral channels 
of the prostemum at once exclude it from that genus. 

It is with some doubt that I refer this and the following species 
to Dy^iriyimUAUy with which, however, they would certainly he 
associated in Blackburn's Table; the antenuie of the two species 
differ considerably from each other, and also from those of D, 
paradoj^UH^ and, in other families of beetles, these differences 
would almost certainly be regattled as of generic importance; 
but as Bonvouloir, and other workers at the family, have allowed 
ail even greater range of variation in the antennss, it does not 
appear desirable to propose a new genus (or new genera) for 
them at present. The lateral channel on each side of the pro¬ 
sternum is deep and conspicuously closed posteriorly (and receives 
the antenna throughout its length); on the basal third of the 
inner side, it is distinctly carinated, but, from the basal third to 
its front margin, the side is gently rounded, without the least 
trace of a carina. Although Blackburn separated Jfyairigonuthu 
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from Phmtioeei^ua by the former having “ Frosicinal sulcus mar¬ 
gined within by an elevated line only in its liinder part’’ as 
against ** a continuous elevated line/' it is to lx; noted that 
Bon vouloir says of '^Silton vi^ryintd . . . eiant hmdi 

«n arrier 0 ini^rieuf'emmt p<ir nne lign«} Quite possibly 

the following species should have been referred to PhtrMoceruB^ 
but it is evidently distinct from P. BahdamtuB by its larger size, 
and different antennes and hind coxn. 

DtSTRIOONISTHIS rRRRUQINKUS, tl.sp. 

Dark rusty-castaneous, appendages somewhat paler. Densely 
clothed with short, rusty-red pubescence. 

Htad with crowded punctures of moderate size; with a short 
and rather wide median line; clypous shallowly concave. An- 
tonnaa rather stout, second joint short, third cylindrical, almost 
as long as the three following combined, fourth-eighth short, 
subequal and distinctly transverse, ninth and tenth somewhat 
longer and wider (and with small foveas at apex), eleventh about 
as long as the three preceding combined. ProtAorax with sides 
rather strongly rounded in front, and then obliquely increasing 
in width to near base, which is somewhat wider than elytra, and 
almost twice the width of apex; with dense punctures of moder¬ 
ate size, smaller in middle than elsewhere, and becoming crowded 
on sides. Elytra feebly decreasing in width from base; densely 
granulate-punctate about base, punctures becoming smaller and 
sparser posteriorly; siriation as in preceding species, iliud cofcre 
with greatest length about equal to that of second abdominal 
segment, curvilinearly decreasing to sides, which are very short; 
basal joint of hind tarsi somewhat shorter than the rest com¬ 
bined; second, third, and fourth regularly decreasing in length 
and width, fourth not bilobed and scarcely produced on under 
surface. Length, ll-12|mm. 

Tasmania: Hobart (A. M. Lea). 

The anteimo so regularly increase in width, that the three 
apical joints can scarcely be regarded as forming a club; from 
above, the second joint appears to be slightly shorter than the 
fourth; but, from below, it is seen to be slightly longer. The 
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general uuiliiieb of tlie prolhorax aiui elytra are much as 6gured 
for Uiose of Phrenoc^rus Hubolavahis (Boiiv., Mon., PI. xiii., fig.l)* 
On one apecitiion, the eighth and ninth joints of each autenim 
appear to be combined to form but one (with the suture com¬ 
pletely obliterated in places), but, as the aiiteunie of the type 
are normal, this would appear to be occidental. On this speci- 
men, also, there is a shoi't, shining, median line, and two, small, 
medio-discal foveseon tlir pi*onotum (quite absent from the typo) 

PHAfiKoCKIlUS CtAVICOKMiS, n 8)>. 

Black, autenaseand logs somewhat obscuroly diluted with red, 
tarsi paler. Hather densely clothed witli short, ashen pubescence. 

Head with small, crowded, partially concealed punctures, inter- 
antennary carina not continued across middle. AnteunsB stout 
and not very long, first joint as long as tlie three following com¬ 
bined, second short, third slightly longer than fourth and fifth 
coinhiued, founih slightly longer than fifth, fifth-eighth short and 
transverse, ninth-eleventh forming a conspicuous club, ninth and 
tenth each conspicuously wider and longer than eighth, eleventli 
as wide as tenth at base, but rapidly narrowing to apex. Pro- 
thorax with sides strongly rounded in front, thence parallel-sided 
to base, with a slight but almost continuous median line; with 
dense and rather small, but sharply defined punctui*es, l)ecoming 
crowded on sides. Ktyira feebly diminishing in width from near 
base; densely granulate punctate about base, elsewhere with 
small but sharply defined punctures; striation well defined 
throughout. Hind ctmu at sides about one-third their greatest 
length, this slightly more than that of second abdominal seg¬ 
ment; basal joint of bind tarsi about as long as the two apical 
joints combined. Length, 1\ mm. 

//a6.—Tasmania: Hobart (A. M. Lea); unique. 

The antennie have a distinctly three-jointed club, a character 
which excludes the species from all the genera noted by Bon- 
vouloir, except Phmnocm'w^ but the club is even more distinct 
than as figured for P. from the desoriptiou of that 

species, also, it differs in being somewhat smaller, much darker, 
and prothorax with a conspicuous median line. In Blackburn’s 
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Tablet PhmuioGnr'iia is placed with three other genera distinguished 
by having *'FroBternal sulcus margined within hy a continuous 
elevated line.” This, however, is not the ease with the present 
species, whose lateral channel is carinated on the posterior half, 
but gently rounded in front; its posterior end is also open. 

GaLDA* ADSTRAMifi, n.Sp. 

Black, appendages reddish. Densely clothed witl) golden 
pubescence, becoming golden-red in places; on the undersurface 
somewhat ashen. 

Head with crowded punctures mostly concealed, but inoiH3 dis¬ 
tinct on clypeus than elsewhere; with a very tliin, median carina 
from base almost to apex. Antenne rather short, second joint 
short, Gurvilinearly triangular, third-tenth each with a long 
ramus, that of third somewhat shorter and thicker than the 
others; eleventh joint slightly longer and thicker than the ramus 
of the tenth. Proihoraan gibbous, not much wider than long, 
sides rounded in front, thence almost parallel to base: disc with 
irregularly granulate (in places vermiculate) elevations; the sides 
with irregular, more or less concealed punctures. Elytra nar¬ 
rowed from base to apex, tips obliquely c^arinated and pnxlaced; 
with series of fairly largo punctures, becoming smaller posteriorly, 
but close to apex becoming larger. Hind coxm with posterior 
edge somewhat sinuous, outer edge quite as long as elsewhere; 
tarsi with second, third, and fourth joints each with a wide and 
conspicuous lamella. Length, 11 -14 mm. 

/fab.--Queensland : Coen River (H. Hacker). 

The Brst of its genusf to be recorded by name from Australia, 
although Boiivouloir (Mon., p.807) stated that the genus occurs 
there; Blackburn, however, thought]: that this may have been 
due to confusion with Oalhodkvva^ there recorded as a synonym 
of Qalba^ but elsewhere (Mon., p*442) treated as distinct. Tlie 
beautiful pubescence on the whole of the upper surface has a 

*GuAr.-Meii., Voy, Coq., Entom., p.68; Bonv., Mon., p.800. 

^ Keadily reoogniiable by the large sise and robust form of its speoies, 
with three tarsal Joints oonsplonoosly lamellate. 

X Manuscript note. 
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curious waved or mottled appearance, due to the varying direc¬ 
tions in which it is applied to the derm; thus, the elytra, when 
viewed from behind, appear to have two golden fasciie alternated 
with brownish ones; on altering the point of view, the brownish 
ones become golden, and whilst, from other directions, 

the clothing appears to consist of irregularly mixed golden and 
brownish spots. The third joint of the antennis is about as long 
as the two following combined, and its ramus is slightly shorter 
than the tirst joint, the rami of the other joints being slightly 
longer and subequal inter se. The elevations on the prothorax 
may be regarded as forming an irregularly lotted mass, of which 
the median lobe is the most conspicuous, appearing as an abrupt, 
obtusely pointed elevation near the scutellum (from the sides, 
its posterior end appears vertical), then, towards the middle, it 
bifurcates, each arm being irregularly continued to near the 
apex; on each side of it there are two other elevations feebly 
connected with it, the front one somewhat oval, the back one 
concave inwards and almost right-angled outwards; of the species 
figured by Bonvouloir, the nearest approach to this structure is 
that of 0. ivallacei (FI. xl., fig.l), but the elevations are all some¬ 
what different; they are clothed with more ruddy pubescence 
than on the adjacent parts. The rows of elytrol punctures are 
in very feeble stri», but, about the tip, the strin become deep; 
the derm is densely covered with minute punctures, but these 
become visible only after abrasion; the sides of the elytra, from 
the base of the fifth abdominal segment, are obliquely flattened, 
so as to appear as enlaigements of the (elsewhere extremely 
narrow) epipleurss, with the upper edge acutely ridged, and, at 
the suture, rather acutely produced. 

PYTHID-a. 

NOTOBALPlirOUB BBUHHRUS, n.Sp. 

Obscure pioeous-brown, basal half of antennn and legs some¬ 
what paler. Clothed with short and sparse but fairly distinct 
pubescence, more noticeable about apex of elytra than elsewhere. 

Head wide and gently convex, with two shallow depressions in 
front, separated by a short, shining space; with crowded, sharply 
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defined punctures, ^ntennn rather thin, extending to base of 
prothorax, slightly dilated to apex. Prothorax lightly trans¬ 
verse, sides regularly iiMreasing in width from ba&e to near apex, 
and then rather abruptly narrowed, on apical half with several 
very feeble denticulations; with dense and moderately coarse 
punctures, more crowded on sides than un middle. Elytra at 
base slightly wider than bead across eyes, shoulders square, sides 
subparallel or feebly dilated to near apex, and then widely 
rounded; with distinct rows of fairly large punctures, larger and 
more irregular about base than elsewhere, and becoming rather 
small posteriorly. Ticngth, l|-2mm. 

Hob. —Tasmania: Hobart, Ijaunceston, Bruni Island.—Western 
Australia: Swan River, Newcastle (A. M. I.<ea). 

A depressed, densely punctate species, readily distinguished 
from all others of the genus by the uniformly dingy-brown elytra. 
The apical joints of the antennie are gradually enlarged, not 
abruptly clavateas in NfmaLping%i8» The denticulations on the 
sides of the prothorax are so very feeble that, from* most direc¬ 
tions, they are quite invisible; one specimen has a shining median 
line on the basal half of the pronotum; and, on several, there 
are two vague basal depressions; the elytra are without strin, 
although their punctures are in very evident rows. 

Tasuobalpihoub, n.g. 

Ifscuf wide, obtusely produced in front. Eyes small, lateral, 
prominent and coarsely faceted. AntennsB inserted considerably 
in front of eyes; with a conspicuous, three-jointed club. Pro- 
ihoi^ax wide, sides acutely margined. Scutdlum small and 
strongly transverse. Elytra short. Meta$Un^um elongate. 
Leg$ not very long; front cox» rather widely, the others moder¬ 
ately separated, front coxal cavities open behind; tibiss dilated 
towards, and minutely spurred at apex; tarsi moderately long, 
two basal joints of hind pair and three of the others moderately 
wide and close together, penultimate small and simple, claw-joint 
rather stout, almost as long as the rest combined; claws swollen 
towards base but not dentate. 

The acutely carinated margins of prothorax, each separated by 
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a narrow gutter from the disc, and rather widely separated front 
coxfe, rfiadily distinguish the genus from NQt 09 <Upingnn^ to which, 
at first glance, the two species appear to belong. Type of genus, 
7'. q^i€tdH$p%l9tH9. 

TaSMOSALPINHUS QUAnHI 8 PlT 40 TUS, ll.Sp. 

Tirassy-black; undersurface, legs, and an tennis {duh excepted) 
paler, elytra piceoua^irown, with four, large, pale spots. Head 
and prothorax with distinct but somewhat straggling pubescence, 
elytra glabrous. 

Head obliquely fiattened, as whle aciH>ss eyes as length of 
antennie, with a shallow depression on each sido in front: punc¬ 
tures dense and sharply defined but not very large, becoming 
smaller in front. Antennie with second joint almost as stout as 
first but distinctly shorter, third-eighth small. Prothoi*M at 
widest (which is near the apex) slightly wider than head, apex 
distinctly wider than base, each side of base distinctly impressed, 
margins rather acutely carinated throughout but incurved at 
base; punctures much as on head. Elytra at base about the 
width of prothorax at its widest, feebly dilated to beyottd the 
middle and then widely rounded; with rather coarse punctures 
in distinct hut irr^ular series near base, l)ecoming smaller and 
irregularly disposed elsewhere. Jiength, 1|*] Jmm. 

ffa6.— Tasmania: Mount Wellington, in moss; Launceston (A. 
M. Lea). 

A short, dumpy species, with prothorax rather conspicuously 
clothed, and elytra glabrous. On the type, the first spot on each 
elytron is a large, irregular uuei commencing on the shoulder 
and obliquely directed towards the suture, near which it termin¬ 
ates at the basal third; the second one commences just beyond 
the middle, and is obliquely subtriangular, On one specimen, 
tbe pale markings are considerably enlarged, so that they appear 
to be the ground-colour, with the infuscate portions marginal, 
sutural, and forming three, larger median spots; the smaller one, 
on the suture, narrowly connected with the others, and these 
connected with the marginal infuscatioa. 
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TAAMOSALPINflUB PHOMISCUUS, 11 bp. 

Dark piucouh-hrown, uiitrniia* (rliiliexi'f^pted) luid legs sliglitly 
paler, elytra with (ihsinirely flavous markings. Head and pro- 
thomx with rather cimspicuimR pale pubescence, elytra glabrous. 
Tjengtli, 1J-1J inni. 

Uab. Tasmania: Uobart, Swansea < A. M. I^ea). 

Structurally, close to the preceding species, Init elytral punc¬ 
tures diHtinctly Kinallcr and nowhere seriate in arraiigeiiierit. 
The elytral markings, althougii conspicuous, are tuit sharply 
defined, and consist, on each elytron, of a humeral spot, lightly 
or not at all conneuted with a small siibsutural one at the basal 
third, and a larger, post-median spot, fairly wide near the butuie, 
and strongly narmwed obliquely upwards and outwards 

NeoSALPINUUS IIHEVIS, n.sp. 

Black, ajipeiidages (club excepted) obscurely paler; head and 
prothorax with a slight bluisli or greenish gloss. 

Hnad wide, gently convex between eyes, and somewhat 
flattened in front, with very minute punctures. Kyes very 
widely separated, and almost basal. Antenna; moderately long, 
third-eighth joints small, the three following forming an abrupt 
and conspicuous club. Prothm'ox widely transverse, raiher 
strongly convex; base and apex of subequai width, sides rounded, 
and each with four, small, uuisotose denticulations, each side of 
base with a small depression; with numerous, small but rather 
sharply deflried punctures, becoming somewhat crowded and 
larger on sides. Elytra short, at base slightly wider than pro¬ 
thorax, sides distinctly dilated to about the middle, and then 
widely rounded to apex; smooth and apparently impunctatc. 
I^ength, 1-1^ mm. 

Queensland: Cairns(Macleay Museum, and £. Allen). 

In general appearance, like small, dumpy specimens of AT. 
but prothoracic punctures consideq&blv smaller, basal 
iinpressions smaller and oblique, head sinootm^ and elytra con¬ 
siderably more dilated. The upper surface is entirely glabrous, 
the undersurface almost so. The head, when seen from the front, 
appears to lie of subtriangular shape, but with sinuous sides; the 

68 
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olytra might fairly lie regarded as impunctate, as the punctures 
are so extremely small that it is only from certain directions, and 
in a good light, that they may be seen under a Coddington lens. 

CU11CULIONID-®. 

Cyrotyphus varibqatub, n sp. 

Black, parts of tarsi obscurely diluted with red. Densely 
clothed with variegated, depressed pubescence or setie, tlie elytra 
with numerous, small fascicles. 

Utiod and Itase of rostrum with dense, normally concealed 
punctures of moderate size, apical half of rostrum with small, 
dense punctures. Antennie moderately long, third joint twice 
the length of second, and distinctly longer than fourtli, eleventh 
about once and one-half the length of tenth. Proihoi^ax alK>ut 
as long as basal width, which is considerably more than that of 
apex, sides bisinuate, witli an irregular ridge on each side of 
middle, rising into a small tubercle near base, each side with a 
feeble, granulate elevation; with dense, more or less ixmcealed 
punctures, and a few scattered granules. Ktytra much wider 
than prothorax, almost parallel-sided to near apex, each elytron 
with two obtuse ridges near base, the inner one moderately 
elevated about summit of apical slope; with small, distinct 
granules about base, but other granules, and dense punctures, 
normally concealed. Femora stout., mtlier lightly but distinotly 
dentate. Length, 13 mm. 

//ob.^Tasmania (J. E. Philp); unique. 

Readily distinguished from 6*. by the prothorax 

being without a conspicuous, transverse series of four tubercles; 
the elytra also are much more conspicuously variegated. The 
apical half of the rostrum is glabrous, but all otlier parts are 
more or less densely clothed, the pubescence being mostly stra¬ 
mineous, but varying to white (there is a conspicuous, bisinuate, 
white mark traversing the suture slightly beyond the middle) 
and black; on the elytra, there are numerous, small fascicles 
(especially along the suture), all of which are black; the abdomen 
has a vaguely striped appearance. 
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ON A NEW SPECIES Oil FORM OF KUCALYFrUS. 

Bv CUTllBKKT Ham^ M.IX, Ch.M., PaRRAMA'I’TA. 

(Plate Ixxv.) 

EuCALYPrUH Markdbni, f. vel 8p.llO\. 

^Vrbor, 30'-50' altitndine, eoHice fUmmi inferne Rupirne lievi, 
foliis petiulatiH, lanceolatis, acuimiiatin, falcatis, obliquis, fera 
ineinbraiieis; cyinin axillaribus: pedimculis 4"' longis, pedicellis 
operculo heniiHphivrieo, unilKHiato; friictibus lieminphcericis, 
valvia paruiii exaeitia. 

A tree, 30 feet high in Hpec^ineii observed, and piDbably would 
attain a height of 60-80 feet when fully grown. 

Seedlu ^»—Cotyledons very small, orbicular-i'oniform, entire, 
purplish on undersurface, glabitiiis. Liuives opposite, decussate, 
obtuse, shoi*tly petiolate, lanceolate, venation pinnate, rather 
oblique, edges sinuate. Stem i*eddish,and both it and the leaves 
covered with flue, stellate liaira. 

JawiHe Imves of a nioi*e advancerl stage than in the small 
seedling are alternate, petiolate, narmw-lanceolate, acuminate, 
glabrous, \fainrti lm\m alternate, petiolate, lanceolate, falcate, 
acuiniiiate, oblique, greyish on drying, almost membranous, occa¬ 
sionally shiny, and having a pleasant, aromatic scent. Tjaminie 
6"-8" long by J" broad, petiole slender, y long. Lateral veins 
oblique, alternately fine, intrainarginal vein fairly distant from 
edge. 

It^ore 0 cmce axillary, peduncles long, with rather few 
flowers in head, 6-9; buds turbinate, 5'" long, operculum hemi¬ 
spherical, shorily acuminate. Stamens all fertile, anthers kidney¬ 
shaped. Fruits hemispherical, 3'" in diameter, rim domed, valves 
small, slightly exserted. 

Bark cf an unusual character for a Eucalypt While it falls 
in the group of the stringy-barks, yet it is laminated, with a sort 
i^f ochreous deposit on the outer surface of each layer. Inner 
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bark very hanl and compart. Kut wliile the trunk and lower 
brandies liave such bark, that of the upp<;r branches atul branch- 
lets is siiuKith and greyish, so that the tree is ideally a half l>ark. 

Tiviher light brown in colour, fairly heavy, close, straight in 
the gfain, animal rings proinincnt in the young stage, planes 
and dresses well, and should })e useful for toelinieal purposes; 
gum-veins few. 

Locality, -Tmnigabbie, New South Wales, at the lear of the 
Public School, on the Wiatiatnalla clay. 

Rnnnrku, -As stsm from the clesenption, this form of Kuca- 
lypt, on a cortical elassdieatiun, seems intermediate h(*tween the 
sui»>oth-lwirks and the stringy harks. The timber has not the 
texture of that of the stringy-harks, hut nmre nearly resembles 
that of E, vtminaliH in }»hysi(*al charaeters The early buds 
I'esemble those of E, Miquay hut there is no n^seinhlaiiee in the 
mature stage. The mature leaves are generally markedly oblique. 
The fruit reHemhIes that of E, niyenioidesy but it tapers more 
into the ptitlieel, and is not so flat, nor are the fruits so clustensl 
on the peduncle. The seedling is intermediate between those of 
E, cuymioid*^» ami E, JjTofWt; and, in its hairy seodling-leaves 
and reniform ootyh^lons, approxiinatcss strongly to the string- 
barks. The I'eniform antliers also place it in that category, hut 
the liark, timber, and oil, are tpiite <1iHtinct fi*oin those of this 
class. As, HO far, only a single tn:c is known, one is stnmgly 
inclined to conclude that it is either a hybrid or a sport. Stning 
colour is lent to the hybrid theory by the fact of its possessing 
HO many of the charactera of the stringy-harks, especially in the 
seedling'Stage; yet diflering from them in others in the mature 
stage, as for instance in the bark, oil, and tinilier. Since the 
only known tree has, unfortunately, lately been cut down, further 
comparison is at present impossible. Now that a description 
has been published, search may reveal further specimens, and 
more definitely establish its status. The tree was a young one, 
about 12-15 years old, and growing on land that had been mostly 
cleared, hut with a few well grown trees of E» harnttstoma^ E, 
Tcifini/*tra^ and E, aideraphloia in proximity. Other trees near by 
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wero E, crehrOy E. eiigenioidksy E, hemiph^oiay E. pnnctcUOy and 
A'. iertlicorniH, I imve named thiH form or species, tentatively, 
E, Maradeniy after the llev. Hamuel Mai'sden, the first incumbent 
of St. John’s Ohiircl), Parramatta. 

OiK —Mr. H. G. Smith reports that the oil of this Eucalyptus 
was obtained by stoanwlistillation, in the ordinary way, from the 
leaves and terminal branches. It was somewhat thick and vis- 
ecus, having almost the viscosity of castor oil. It has little 
resemblance, either in appearance or constitution, to the majority 
of ordinary Eucalyptus oils, but is more closely allifKl to the oils 
distilled from E. ‘lUtva-a^ii^lica and a few others. It has no ro- 
seniblance to the oils of the members of the A\ 

Cineol was practically absent, and phellandrono could not be 
detected. The amount of oil available did not permit of the 
active terpene being isolated in a puro condition, but it is pro¬ 
bable that dextro-rotatory pinene occurs in small amount. 

Only 38 pounds of material were 1*0061 vod for distillation, from 
which 4 ounces of oil were collected, e([ual to 0*66 percent. The 
oil was but little coloured, and had a fairly pleasant odour. It 
gave the following results:— 

Specific gravity at 15*C. =*0*9469. 

Rotation aD « + 4*8". 

Refractive index at 20"C. « 1*4989. 

Insoluble in 10 volumes 80 per cent alcohol at 16"C. 

Saponification number of esters and free acid == 2, so that 
esters were practically absent. The small amount of free acid 
was removed, and this gave a strong odour of butyric acid. 
The phenol gave the reactions for Tasmanol, but it is probable 
that both phenols occur. The indications are that tlie oil con¬ 
sists largely of sesquiterpenes. Probably some high-boiling 
aloohola are also present, as indicated by the odour. 

I have to record my sincere thanks to Messrs. R. T. Baker 
and H. O. Smith for much lielp in preparing this paper. 

EXPLANATION OF PLATE LXXV. 

Portion of branoblet of WutalfpiuB Jfarsdem*, f. vel sp.ii.' 

99 
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STUDIES IN AUSTRALIAN NEUROFTERA. 

No.6. ThK FaVILT PSYCaOPSmjK^ with DjBSCBIPTIONfl OF NEW 
Genera and Species. 

By R. J. Tillyard, M.A., D.So., F.L.S., F.B.S., Linnean 
Maclbay Fellow of the Society in Zoology. 

(Plates lxxvi.-lxxviii.; and four Text-figures.) 

In No.4 of this series of Studies(15, pp.271, 289), 1 gave my 
reasons for considering the P^ckopitidai to bo a separate family, 
and stated that it was my intention to deal with these insects in 
a monograph to follow later. 

In a paper read in October, 1916(18), but unfortunately not 
bearing upon it any indication of the actual date of publication, 
Navds published, in Spain, a monograph of these insects, and 
classified them as a separate family. This paper has only recently 
reached me, and I cannot tell whether it should take priority 
over mine or not; however, in view of the earlier date of reading 
of Navis’ paper, I feel that I must give him the credit of having 
first raised these insects to family rank. 

The conditions arising from the War have made it impossible 
for me to receive, for study, the material that I had hoped for, 
in the non-Australian species of this family. For this reason, 
as well as because of the publication of Navis’ paper, I have 
decided to abandon my projected monograph, and to confine 
myself mainly to a study of the Australian species. Only in so 
far as this study affects the classification of the family, will it be 
necessary to discuss the other genera and species. 

During the past three years, a large amount of work has been 
carried out upon this family. Of special importance has been 
the working-out in detail of the life-history of one species, 
PsychopsU (Qu4rin), and the dissection and photographing 
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of the wingR of the pupa, in oi*dor to study the tracheation. 
Includinj^ a considerable number of bred Hpecitnens of this species, 
T have had thi*oitgh niy hands for study, at one time or another, 
about one hundred examples of these rare insects, and have thus 
lK*en enabled to gain a first-hand knowledge of all the Australian 
species except one. 1'hat exception is Psyeluiimn meyricki 
McLachlan, of which the only known specimens ans in the 
McLachlan Ckilkiction, and are, therefore, not available for study. 

In the present paper, I propose to diwil fully with the wing- 
venation of the family, firstly by a study of the pu[»al wing- 
tracheation, and secondly by applying the rt'sults so obtained to 
elucidating the best method of founding genera in the family. 
Tliis matter is one of considerable difficulty, owing to the essen¬ 
tial variability of the cliaracters selected for this purpose hy 
Navds, vix., the amount of cross-venation present. Descriptions 
of new genera and species will also bo included, together with a 
general discussion of the relationships of the family. The full 
account of the life-history of PHyefu^paiu dayana (Qiierin) will 
form a separate paper, No. 7 of this series of Studies. 

My thanks are due to Dr. li. Hainlyn Harris, Mr. H. liOiig 
man, and Mr. H. Hacker, for the three fine photumicix)graphs 
reproduced in Plate Ixxvi. 

The Venation of Paychopaia eleyana (Querin). 

In Text-fig. 1, the complete venation of Payc}u>paia efagana 
(Oudrin), is shown. Text-figs. 2,3A, give, for comparison, portions 
of the precedent tracheation of the pupal wing, drawn by means 
of the camera lucida from freshly dissected pupal wings. 

It will be seen at once that, broadly speaking, the venation 
and the precedent tracheation agree remarkably closely, as is the 
case with all the more archaic members of the Order Planipennia. 
Trochee precede every main vein, right down to its tiniest 
brancblets; but no trachem precede the cross-veins, which are 
only lightly indicated on the pupal wing. It is, therefore, very 
necessary that we should be careful to distinguish between the 
true cfoaa-vaina in the imaginaJ wing, and those (or 
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T6Xt*flg.l. 

Ptychopna tUgatu (QuArin). Wing-venation; (x 5), 1 A, fint analii; 2A, 
uoond analis or boeilar; 3A, third analis or axillary; apt apex; 0, 
ooita; eov, ooatal gradate eeriee of orow-veine; er^ reenrrent ooetal or 
humeral veinlet; On, oubltus; Cun Ougi ite branehee; gu disoal gra¬ 
date eeriee of oroee-veine; pt, Internal gradate eeriee of oroee-veine; 
M» media; Mi, Mu, ite hnmohee; M«-Oai, anaetomoeed portion of 
Ms with Oui; R, radiue; Jte, nulial eeotor; ite branobes; m, 

tomue; tv, terminal gradate eeriee of orou-veine. 
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branchletH of main veiiiK) which ai*e precodc»tl hy trucheflp. For 
example, the veinletn passing £ 1*0111 Sc Ui tlie anterior border ai'c 
true veinlets or branches of Sc, but, in families where they are 
not HO prominently develop<»d an in the pMychnpttidce^ they are 
frequently spoken of as cross-veins. The small veins which join 
these veiulets together, forming a longitudinal senes of gradate 



Ptiyehopsis Vegans (Guerin). Troohealion of Iwaal half of pupal wing; 

(X 18). Lettering as 111 Text-fig* 1 * 

veins, are true cross-veins, and are to be regaitled as a com¬ 
paratively late acquisition, correlated with the bi^oadening out 
of the costal area in this family. 80 , also, the three other series 
of gradate veins are true cross-veins, not being preceded by 
tracheae. A further point of distinction between veinlets and 
cross*veins, in this and all other archaic families of Flanipennia, 
is that the veinlets, like the main veins of which they are part, 
are haiiy, whereas the cross-veins are not 
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The most striking specmlisaiioii in the venation of the Paych- 
a^>ai*t £1*0111 the gi'eat enlargement of the costal ai'ea, is 
the manner in wliich the 1111*06 |>araHel main veins, Sc, 11 , and 
Rs, have become stretigthened, for £1*0111 two-thirds to threi*- 
quarters of their lengths, to form a kind of midrib, ft*oin which 
tile 1‘est of the wing, apart from the much reduced median, 
cubital and anal areas, is supplied with nuiiierous, delicaUt, 
radiating veins. I pm|xKso to term this strengthened portion of 
these thieo veins tlie tvuft tripUmf its distal end is already known 
as the In oi*der to underatand this striictui'e, we 

must consult the piHicedeut ti'acheation. There (Text-fig. 3 ,A) we 



Text-fiK..3. 

PfiyfhfipmB tlfgaiiB (Uu^riii). The radial anastoninsis in the fore wing. A, 
pupal irauhestion; U, imagiiial venation; the two cross-veins 

which join the distal ends of the vena triplioa. 

shall find that the tracheai run normally through the anastomosis, 
without any thickening baaad to it, and without any true anasto¬ 
mosing between them. The strengthening of these veins, from 
the base to the anastomosis, to form the vena triplica, their ap¬ 
parent unions at the anastomosis, and the strung diffet*etitiation 
of their distal portions so as to appear exactly the some as the 
branch-veins above and below them, are purely imaginal special¬ 
isations, peculiar to this family, and not found elsewhere in the 
Flanipeania. The development of the irregular series of cross- 
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veiiiB lietweeii Sc, R, and Rr may also be cori'elated with the 
development of the vena tripHca, as an additional strengthening 
for the midrib. 

liOt us now study the mo called anaRtomosiM more fully. Tn 
Text-fig. 3, A and B, T have contrasted the pupal tracheation 
with the iinaginal venation in this n^gioii. It will be seen at 
once that the actual termination of the vena triplica is not 
accomplislied by means of an anastomosis between any of the 
main veins, but by the intei'polation of the two cross-veins, and 
.r,, together with the bending-down of the portions of Sc and 
Ri preceding them. Wo must contrast this sti^ongly with the 
condition to be neen in the Omylidae, where 8c and U, approach 
one another distally at a very slight angle, and then fuse together, 
wUfwtit the intervention of an anailiary t^oae-vein, for a consider¬ 
able distance. There is then, in the Oamylida*^ a true anasto¬ 
mosis between these two veins; whereas, in the PtsychopMUe^ 



Text-fig. 4. 

Types of anaatomosis between M and Gu in Pnyckopm, a, usual type in 
Pa, mimica Newman, forewitig; ft, UMiial type in Pa, dtqana (Gu4rin), 
forewing. In Pa, ivadena MoLaoh., there is usually no anastomosis in 
this region at all. Lettering as in Text-fig. 1. 
there is no true anastomosis, and it would appear to be somewhat 
misleading to term it so, as Navin has done. However, the term 
has already been applied, in Perlaria and Trichoptera, to junc¬ 
tions between main veins, brought about by means of cross-veins 
in line with one another; so that we may allow it to remain, 
provided that we understand that we are speaking of a junction 
of this type, and not a true anastomosis between two or more 
main veins. 


BTI^DIBS !N AUSTRALIAN NKUROPTKRA, vi., 

Turniug next to the ragiuii of the iiiedia anil eubitus, on the 
cbaiRcter of which Navas atienipts to divide tlio Austmlian 
species from the iVfricHti, as two He))ai*ate tribes, on the ground 
that the former have no aiiastomosis in this region, the condition 
to be seen in Psyckoitsuf degatts is shown in Text-fig. 1 and Text- 
fig.4, h. In the tracheation, M.j approaches Ouj veiy closely for 
a considerable distance, and then diverges from it again. In the 
corresponding venation, fuses with Cui for this same distance, 
and the parts of just before the fusion, and of Cu, just after 
it, are bent so as to appear like oblique cioes-veins. It is clear 
that here we have a tnM atuts^orriosis, comparable with that 
between Sc and K already mentioned in Omylidm. But this 
anastomosis is not a constant character, either for the species 
elegwi$ or for the genus Pisychopms^ as I have noted more fully 
on p.76l. The type of anastomosis in this region in Psychapsu 
mimioat in which, usually, Mi just anastomoses with at a 
point, and in its turn with Ou], is shown in Text-fig.4, a. In 
other species, such as Ps. inso/ens, there may be, in the majority 
of specimens, no anastomosis whatever in this region. 

The arrangement of the ciXMss-veins, which are not ropresented 
in tlie precedent tracheation, is of great interest. In Ps, elegam 
(Text-fig. 1), we note, first of all, the piesenoe of a gradate series 
closing the disc distally (^i). Tins may be termed tlie duettJ 
yrodale ssrtes. Internally to this, and crossing the disc not far 
from its middle, there is another series (^i), which may be called 
the ifUemo/ gradain series. These two series will he at once 
recognised as the homologues of the two gradate series normally 
present in the wings of Chiy$opidaf. Besides these, there will be 
seen a long series of cross-veins connecting the veinlets of the 
costal space, and extending right from near the base to the apex. 
This may be termed the gradaU series (eou). Below the 

apex, this series is continuous with a gradate aeries roughly 
parallel to the discal series, but lying between it and the termen 
of the wing. This may be called the terntmal gradate serMs(to). 
Except for a slight development of costal cross-veins in such 
genera as Drepanepteryx^ the costal gradate series does not appear 
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ill any of the lower Planipenniii; the terminal gradate acrieB in 
alMolutely peculiar to the 2^n^chiyp»idai, 

Of these sencH, only tlie diacal is invariably present. The 
internal fteries is usually pi^esent also, but not always. The costal 
and terminal series are later developments, confiued to the larger 
species, and evidently corndated with the greater expansion of 
the aliens which they help to .support. Further, thei'e is gi'eat 
vai*iability in the condition of these scries in almost all H{)ecies. 
As an example of this, I would point out, in Text'hg.l, the 
presence of a single cross-vein in the foL*ewing lietween the 
anterior ends of the internal and discal series. This is f rc<iuent1y 
absent; but, in some specimens, it may be i*eplaced by either 
half of an extiu series, in others by a complete series of as many 
as thirteen cross-veins, crossing the disc lx.^tween the internal 
and the discal series! In one case, 1 noted the presence of this 
extra series upon one forewing of a specimen, while it was absent 
upon the other! It will he at once obvious that attempts to 
define genera on such vaiiable characters as these, are foitidoomecl 
t<i failure. 

In conclusion, it is interesting to note that, regarded as a 
whole, the wing of PaychopM presents a very close analogy in 
structure to tlie feather of the wing of a bird—an analogy which 
is also suggested by such wings as that of Brepant^teryx, but by 
no means so closely. The vena triplica corresponds with the 
rachis, forming the main support or midrib in both cases; the 
position of this 6uppoi*t is the same in both cases, viz., nearer to 
the anterior than to the posterior margin. The numerous veins 
radiating out from both sides of the vena triplioa are the 
analogues of the barbs of the bird’s feather; and the series of 
connecting cross-veins, or gradate aeries, are analogues of the 
barbules, which serve to connect the barbs together. 

Classification of the Family. 

We are now in a better position to consider the true value of 
' the various venational atruotnres which have so far been used in 
subdividing it into tribes, and in defining genera. 
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Our study of the venation shows us that tlie cross-veins are 
not preceded by trachesp, and that they aiv to he ciuisidored as 
a later addition to the main scheiue of vonation. This applies 
more especially to the costal senes of ci^obs-veins and its continu¬ 
ation, the terminal gradate series, which are not fully developed 
in any other family, and are evidently comparatively ixM;ent 
actpiii^ineiits, cori*elated with the gi'eai enlargement of the costal 
ai'ea. With regani to the discal and internal gradate series, it 
must lie evident that variations in the amount and |Kisition <»f 
the cixjss-veins forming them will depend patily on the si^e of 
the insect, and partly upon the nunilier of ln*aiiches of the radial 
sector possessed by it; we should, therefore, be pivpared to find 
a gi*oat deal of variation in these chai-actei's. If, then, the 
pt^esent system of classification should fail to stand the tost that 
we propose to apply to it, we shall be faced with the problem of 
finding more reliable characters, on which to i*ebuild a sounder 
arrangement of the species. 

Though it is not the purpose of this paper to deal exliaustively 
with the non-Australian species, it will be first of all necessary 
to call attention to certain errors and omissions in Navis’ most 
i^ecent work. A paper that claims to be a monograph of a family 
should surely contain a complete bibliography of all the more 
important papers concerning it, and should also at least list, if 
not describe, all the known species. But 1 find that Navis 
omits from his work all reference to two of McLachlan’s most 
important papers (9,10), in which that fine entomologist described 
a new South African species on the one hand, and the only 
known Burmese species on the other (Pgffckopsis marehalli McL., 
and Ps. birmofHi McL., respectively). Ooiisequeutly, Navis 
gives only four species instead of five for Boutb Africa (unless, 
indeed, one of his own species is synonymous with McLachlan’s!), 
and is quite unaware that a Burmese species exists at all 1 As 
there are only fifteen s{>ecies known altogether, it will be seen 
that these omissions are veiy serious for a monograph. 

Wo must now note some further errors of equal gravity. In 
1910, Navis described specimens of Pityoiqpm (Ouirin), 



J9Y R. .1. TlLIiYitl{t>. 


759 


flui*ely one of the lxt»t known and inuMt typical specioH of the 
family, au » new genun and upeeieH i»f IItnHfsrubiid49*^ under tlie 
name ^ygipphlebiva vpirnnudunn NavriH(ll). The doHcriptiuii 
clearly sIiowh that, at the time, NaviU wan quite uiiawaix) that 
there woh 8 uch a genuH oh P « ych 4} pHUf ^ though it had been pm- 
jK»»ed nearly neveiity yeai's liefore, and itn type-sjjecies was one 
of the inoKt .striking of all known Plaiii{»onnia. Ijater in tlio 
same yeai-, N, Banks(1) tM>itited out that ^ytjophfrhuis \ias clearly 
synoiiyuious with P8ychopsi»\ whereu)K>n, in his next publication, 
NaviU si^ipressed his generic name in favour of Psyt^kopttitt. If 
he had stopped there, all would have Imxui well. But, in his 
monograph (IS), he proceeded to msurmet Guerin’s old generic 
name ArteriopieTyx (given by that author in ignorance of New¬ 
man's then quite recently published name, the type 

of which is 6/^an« Guerin, synonymous with vf>.TYm^ix,\n\i8 Nav^. 
He then, quite illegally, further resurrects his generic name 
ZyyuphlehiuB^ of which tlie original type was Navas 

(» degauB Guerin), and proceeds to redefine it, and to give it a 
new genotype, PByckopsis zebra Brauer, fmm South Africa. At 
the same time, he forms the trilx) Zyyophlehini to receive the 
whole of the South African species, leaving elpyaiiB Guerin, 
together with all the other Australian species, in the tribe 
P^ychopaini ! 

Now Zygopkhbvm was pFO{)osed by Navas as a moiiotypic 
genus, and hence there can be no question as to which speciea 
was its type. Hence, whether Navdis was cori'ect in placing that 
species in Payckopaia^ as he did in 1912, or in Arteriuptm'yXy as 
he did in 1916, is immaterial to the question. In either case., 
Zygophkbius sinks as a synonym, either of PaychA}paia Newman, 
or of Arteriaptm^x Guerin. As a nwneu it may not 

again be resuri^ted in the form of a new genus, to receiv<^ as 
its type, anotlier species of Paydwpaia^ viz., Pa, zebf'a Brauer. 
Further, the tribal name Zygophld^ini must sink with it. If 
Pa, zebra Brauer, is really generically distinct from Pa, fnimica 
Newman, it now requires a new name. I therefore propose the 
name J/'oiopaychope^ u.n., to replace Zyyvphld^im Navis, 1916, 
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(type znbra Br.), invalidated by Zyyophl^im Navis, 1910, (type 
^^rnuHnns Navas —Guerin) itself a synonym for Arim^i- 
ophryx Guiriii, synonymous with PaychopHis Newman. 

Having thus cleared the gmund to some extent, let us now 
liass to the consideration of the division of the family into tribes, 
as prapoeed by Navas in 1916 ( 18 , p.l88). I give herewith his 
key, translated from the original Spanish:— 


( 1 ) 


"Costal area of both wings divided, at least partly, by a median 
longitudinal series of gradate veinlets (ivniV/cM en esco/ino^n) 2 . 
Costal ai«a simple or totally undivided in both wings. Asiatic 
species. 3 . Balmwini^ iiov. 


fTwo anastomoses in IkiUi wings; the anterior formed by the 
suhoostal, the radius and its sector, which are united in the 
region of the stigma, the posterior by the prooubitus (- M), 
the cubitus and its sector, which are connected in a similar 

( 2 ) ^ manner. African species. 2 . ZygophlAini Nav&s, restr. 

One evident anastomosis, vis., the anterior or radial, formed by 
the three veins meiitioiiod; the others run paiallel without 
bending manifestly in an anastomusis, Australian species. . 

. 1. 7^*ycAop«nt, nov. 


In his description of Pisychopaiti 6mnana(9), which Navda has 
evidently not seen, McTjachlan says:—^‘Tt differs from all Aus¬ 
tralian species except P». m^yridci in the absence of a line of 
oblique connecting nervules in the costal area”; and, lower down, 
he divides the known species of Ptychopm into two groups, of 
which the first, consisting of P$. meyridci and Ps. birmana^ is 
defined by the words *'No line of oblique tiervules in costal area, 
only two series of transverse gradate veins.” 

The facts of the case are that Ps. me/yrieki normally lacks the 
costal series of cross-veins, as McLaohlan here states. Navis, 
however, who admits that he has never seen this species, is com¬ 
pelled to place it in his genus together with Ps. 

imclmM McLoch., though he defines this genus as having the 
ocwtal space of the forewing subdivided by the presence of the 
series of costal cross-veins, which Ps. m^yrieiU lacks. For, if he 
bad anywhere mentioned this character, which McLaohlan 
emphasises, his tribe Pab»iesin{ at onoe Imaks downl 
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Here, then, we have an instance of an entirely artificial sub¬ 
division into two tribes, Haltneitini and Paychop$inL Wo may 
well ask, what is the essential point in the subdivisionl Is it 
to divide the Asiatic from the Australian speciesl If so, then 
the division on the character of the costal space breaks down, 
and Ps. meyridsi, agreeing with the Asiatic species in this 
respect, must nevertheless stand apaii; from them in the tribal 
division. But if it is the character of the costal cross-veins that 
is the essential matter, the cose becomes even worse; for then 
the Australian species Pa, meyrid^ must at once be removed 
from the tribe Paychopaini to the tribe Jialumaini (all the rest of 
which are Asiatic species), and must also be removed from the 
genus MagaUanea^ of which its close ally. Pa, inadem McTj., is 
the genotype, and find its proper place in the Asiatic genus 
Balmea\ 

There is only one escape from this dilemma, and that is, to 
admit tliat the tribal characters here under discussion arc of no 
value, and to suppress the tribe Bnlmeaini altogether. 

Turning next to the characters of the tribe Zygophlthini Navds, 
as here defined, it is only necessary to draw attention to my 
remarks on the condition of the venation of Paychopaia elegana 
in the region of M and Cu (p.766). Navds’ definition for the 
tribe Zygophlahini indicates the presence of an anastomosis in 
the region of these two veins for this tribe, but the absence of 
the same anastomosis in the tribe Paydiopaini, One would have 
Mttle hesitation in deciding that both Payehopaia mimica New¬ 
man, and Pa, elegana Oudrin, must go into the tribe Zygcphlehini^ 
on this definition. Whether the form of anastomosis is the same 
in these species as it is in the African ones, I am not able to 
say; the point is, that the amount of anastomosis in this region 
is very variable, not only for different species, but also for dif¬ 
ferent individuals of the same species. There is only one species 
known to me, vis., Pa, iftaohna McL., in which it can truly be 
said that the great majority of the known individuals have no 
anaAomosis in this region; hence, strictly speaking, this is the 
only species that can be rightly admitted into the tribe 
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Psychopniniy as deflned hy NaviU. Thus we come to a redmtio 
ad which it \h not 1160688817 to puraue any further. 

The only remedy is to admit, at once, that the tribal characters 
under discussion ai*e of no value, and to suppress the tribe Zygo- 
pUehini altogether. We are then left with only the tribal name 
Psychopnniy which ceases to have any value as I'estricted by 
Navds’ definition, and may be disregarded; leaving us with a 
single family of closely united speciew, the Pnychi^pHxdmy within 
which no legitimate trilial divisions can so far lie recognised. 

Having settled these questions, we may now proceed to define 
the family P»yrJiop8id€B afresh, and to deal more fully with the 
Australian genera and species. This will necessitate a discussion 
of the validity of the genera praposed by Navds for the Austra¬ 
lian species, a re-grouping of the species, and descriptions of two 
new genera and species. 

Family PHYCHOPMIDA?. 

Head : size small or medium; largo and rounded, well 
separated, projecting laterally; tfcdli absent or vestigial; 
aniefime short, set fairly close together, many-joiiited. Mandibies 
small, with only a single internal tooth below apex; vrunAllas with 
five-jointed palpi; labial palpi three-jointed. 

Thorax: broad and strongly built; prathora.T short and com¬ 
paratively narrow; meKdkomx very broad and largo; metathorax 
also broad, much shorter than mesotboraz, and not fused with 
it. Lege short, the tibin with a pair of terminal spurs, the tarsi 
five-jointed, with small terminal claws and a broad empodium. 

Wings very broad, with broadly rounded apices. Ckxital 
space excessively widened from base to apex without any dif¬ 
ferentiated pterostigma; the costal veinlets numerous and fre¬ 
quently branched, generally connected by a more or less complete 
series of longitudinal cross-veins (absent or reduced in the smaller 
species); a recurrent vein at the base of the costal space. Sc, B, 
and Bs are strong veins, and run closely parallel, forming a strong 
midrib to the wing, the vena tripiioa^ supported by numerous 
cross-veins; this formation ends at a point between one-quarter 



BY K. .T. TILI.YAKD. 


763 


and one-third of the length of the wing from the apex, where Sc, 
R, and Rs become joined by Mtrong cross-veins, forming the 
anastomosia; from this point onwards, these three veins continue 
only as weak branching veins, indistinguishable from those 
araund tliem. Branches of Rs very numerous, closely parallel 
to one another, their dii*ection almost parallel with that of the 
dorsal borficr of the wing. Central area of wing marked off as a 
disc, bounded anteiiorly by Hs, postenorly by Cu, and distally 
by a senes of gradate cross-veins, the diactd aeries. Other serie.s 
of gradate cross-veins may also be develope<J; in particular, an 
intenhol aet^xea crossing the disc near its middle, and a ittminal 
aariea^ lying between the disi^al and the terinen, and continuing 
the line of the costal cross-veins; apart from these, thera is little 
or no development of cross-veins upon the wing. M variable, 
but always with its branches closely parallel, and occupying only 
a little of the wing-space. Cu either two-branched or simple, 
with or without a variable amount of anastomosis with M. Anal 
veins short, three in number, mostly much branched. 

Abdomen short, moderately stout, completely covered by 
the wings in the position of rest. App^ndayea variable, usually 
either forcipate or valve-liko in the males. 

Eggs oval, with rounded ends; laid separately and attached 
by one side. 

Larva veiy distinct on account of its large, squarish head, 
from which the enormous jaws project like a pair of calipers; 
mandibles without internal teeth; the body somewhat flattened, 
of moderate width, fairly long, tapering posteriorly to the anal 
sucker; the legs short and formed for running backwards. 
Colouration greyish-brown, with pruinescence. Inhabits crevices 
in the bark of large forest-trees; fiercely carnivorous. 

Cocoon spherical, or nearly so, resembling a large pearl; 
spun from the anus, of fine cream-coloured silk, in crevices of the 
bark. 

Pupa short and stout,of normal Planipennianform. Active 
at metamorphosis, when it cuts open the cocoon and ascends the 
tree for some distance before disclosing the imago. 
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(A full account of the ^g, larva, and pupa will be given in 
dealing with the Life-History of PgyehopmM degam Qu6r., which 
will form the next of this tseries of Studies). 

Distribution; Australia (but not Tasmania), South Africa, 
Burma, Thibet, and China; suggesting a Oondwanaland origin 
for the family Close relatives of the family were present in the 
Trias of Ipswich, Q. 

The Paychopsidtr. are at once distinguished from all other Plani- 
pennia by their shortened antennas, the joints of which remain 
distinct and similar, and by their remarkable wing-strooture, in 
which the most striking characters are the great enlargement of 
the costal area, with formation of the connecting costal cross¬ 
veins; the strengthening of Sc, R, and Hs to form the iw?ta 
Mplioa^ supported by cross-veins between them; the strong dif¬ 
ferentiation between the vena triplica and the parts of So, R, and 
Ks lying beyond the anastomosis; the formation of the anasto¬ 
mosis by interpolation of two small oross-veins; and the great 
abundance and closeness of the branches of Rs. 


As regards the definitions of the four Australian genera, I give 
herewith Navis’ key to them (13^ p.l88), translated from the 
original Spanish:— 


( 1 ) 




(3) 


CForewing with four transverse series of grsdate veinlets, three 
in the disc and one the external oontinuation of the oostal 
series; hindwing with only three suoh series, two disoal and 
the external one which continues that of the oostal field par¬ 
allel to the external margin of the 1. PsTCiiorsu Newman. 

Forewing with only three series of transverse veinlets. 2. 

'Both wings with three series of gradate veinlets, twoin tbediso 
between the radial seotor and prooubitus (aM), and the ex¬ 
ternal one which is oontinuoos In a curve with tiut of the 
costal field. Aetxbioftrrtx CMr. 

Hindwing with two or one aeries of gradate veinlets. 8. 

Three transverse series of gradate veinlets, very distinct and 
complete, in forewing; only two in hindwing... 8. Wsbkkia NavAs. 

Disc of forewing with two complete uries of gradate veinlets, 
at times a trace of a third in oontinuation of the costal series; 
hindwing with only one.4, Maqallakvi Navis. 


According to Navds, the arrangement of the gradate series 
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shown in Text flg.l, detonnines fche insect as belonging to the 
genus ArU^ypUryx Gn6r. If, however, the forewing has an 
extra series interpolated in the disc, between the internal and 
discal series, then the insect belongs to Pf/tychopmuk Newman. Tf 
the arrangement for the forewing remains as in Text-flg.l, but 
the hind wing has <ine series ]nis.Hing, then the insect goes into 
irmwiri Navas, Tf, in addition to this, the terminal series in 
the forewing is absent, or only partially formed, then the inse<*t 
belongs to AfagallaneB Navas. 

A complete study of the whole of the cross-veins in the speci¬ 
mens in my collootion has been carefully carried out. The total 
iiuml)er of specimens studied was sixty-four; but many t>f these 
have since been given away or exchanged. They repi'esont eight 
species, two of which are new. The following very interesting 
and instructive results are here given:— 

Puyehopnis UlidgM, Froggatt.—^l"he male in my colUx^tion has 
three complete series iti all four wings. In the forewings, there 
are numerous scattered cross-veins in the upper distal portion of 
the disc (Plate Ixxvii., fig.4), but no sign whatever of a fourth 
series between (/, and Hence, according to Navds, tliis 
insect belongs to Arierioplf^^yx Ou^^r. 

In a largo female of the same species, which T examined in the 
Queensland Museum, and of which photographs are given in 
Plate Ixxvi., figs.1-3, there are only three series in the forewings, 
and no irregularly placed cross-veins elsewhere in the disc. This 
specimen, then, also goes into Arieriopteryx^ according to Navds. 

Of two specimens in Mr. Froggatt’s Collection, one has three 
complete series of gradate cross-veins in all four wings. The 
other has four complete series on the left forewing, and only three 
on the right. Hence, according to Navas, the first specimen 
belongs to ArtmiojfAeiryx^ the second partly to that genus and 
partly to Ptyohop9i$t 

PsyoAopsiff mtmuMi Newman.—I have examined seven speci¬ 
mens altogettier. The forewing shows also throe complete series; 
in addition, there are a variable number of cross-veins in the 
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disc, between gx and j/^, numberinf^ fmm four to thirteen. In 
only one specimen do these form a complete fourth series; in the 
i^t, they form either an incomplete series, or aro just scattered 
irregularly. In the hind wing, the terminal and discal series are 
complete, but the internal series is very variable, l)eing wime- 
timra complete, and somctiineB veiy incomplete, with as few os 
seven veins in it. 

This is the type-species <if the genus Of the seven 

specimens examined by me, Nav4s would place only one definitely 
within P»ychnjmR\ the rest art^ either interinediati* l^twt^n 
Pityvh^pRXR and Artt^riojderyj^ orlMitwwui pHyehopain ixwA llVruaio. 

Paycht^mia graciUa^ n.sp., (Plate Ixxviii., fig. 10),—Hie only 
known specimen shows the thi’ce si*ricH of the foL*ewing complete, 
togi'ther with a very irregular, incomplete fourth scries in the 
disc between and //,. In the hiiidwing, the discal and terminal 
series are practically complete, hut the internal series consists of 
only four cross-veins, not forming a continuous series, and not 
close together in line. One would like to know where Nav&s 
would place this specimen. 

Paychipaia elagana ((>u6r.), (-Ps. naxvmani Froggatt).— 
Twenty-eight specimeiiH of this species have been examined, most 
of them bred specimeiiH. The cross-venation is very variable. 
In the forewing, the tliree series are always complete; but there 
may or may not be a fourth. In some specimens, this fourth 
series is complete, consisting of as many as thirteen veins in line; 
in others, there is otdy half a series; in others again, only three 
or four iri*egular veins; while, in the majority of specimens, there 
is only one intermediate cross-vein (as in Text-fig. 1), or none at 
all. 1 have seen one specimen having four complete series in one 
wing, and only three in the other! In the hind wing, the ter¬ 
minal and discal series are always complete, but the internal 
series is very variable, being sometimes a complete series of from 
eight to ten veins in line, and sometimes merely from three to 
five irregularly placed cross-veins. Thus, different specimens of 
this species might almost be placed in three of NavAs’ genera, 
and we are not surprised to find this author himself placing 
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in and mnmmxi in Pfvychojntiity altlioiij^h 

they are one and the same speetos!' 

PitychoiiHitt ciAusufUix (Walker). -Five Kpeciinetis liave been 
examined. 1'he for<»wing has the t^n-rnitiHl and discal senes com¬ 
plete*, th<* internal series either complete or incomplete. In the 
hindwin^, tlie internal stories is absent, the terminal series is 
complc*te, and the discal series is very variable. 11 may Ite com¬ 
plete and in normal position, or it may he lemovtsl inwards to a 
position midway l)etween the normal positions of the dis(*al and 
internal si'ricH, or it may lie entiiely replacecl by irn^^ular cniss- 
veins; in one speed men, the disc is coveml nearly all over by 
irn*giilar cross-veins, not forming any giiulate series at all. This 
variability should be contrasted with NavAs’ definition of the 
genus Wt'ruziti, of wliich this s}M'cieM is the genotyiie. 

Ptitf4*h<tpHiiii Walker. —Twenty-one speedmons have becui 

examiiUHl. In this spex^ies, the foivwing has the discal series 
complete, the internal either complete or msirly so. The terminal 
series is usually quite absent; but, in soim* castes, there are fix)m 
one to five cross-veins belonging to the upper end of this series. 
In the hind wing, the discal series is (*omplete, the internal series 
very variable. Nonnally either abst*nt or repivsentod by only 
one cross-vein, it is nevertheless present in a fair |iercentage of 
specimens, either as an incomplete series of two or thmi veins, or 
as a (M>inplete series of four consecutive veins; further, right and 
left wings do not always show the same condition. The terminal 
series is absent in the hind wings; and the costal series, which is 
cxMnplete in both wings of all the preceding species, is here 
reduced to a shorter series, running fi'oin the base outwards fur 
a variable distance., from one-third to two-thirds the entire length 
of the costal area. Thus we see that NavAs definition of the 
genus J^agaUanes, of which this species is the genotype, will not 
include the whole of the specimens examined. 

Finally, in a single specimen of a new species (Plato Ixxviii., 
flg.ll), which will form the type of a new genus, we find the 
discal and internal series present on both fore- and hindwings, 
the discal series of tlie hindwings being not quite complete, and 
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removed somewhat inwards from the normal position. The mar¬ 
ginal series is absent from both wings, and there is only a mere 
vestige of the costal series, at the base of the wing. 

{Psyehopna meyricki McLachlan, which I have not seen, is 
stated by its describor to have both discal and internal series 
present in the forewing; hut nothing is said as to the condition 
of the hind wing; the costal series is absent). 

Reviewing the above evidence, it is clear that:— 

(1) The genus Pftyehopaia Newman, being founded upon Pa 
mimica Newman, a species which itself shows great variability 
in the number of its seriea of cross-veins, cannot be restricted by 
any definition which attempts to limit this variability. 

(2) The genua Arteriopteryx Oiu^r., founded upon Ph, etegoAui 
Gu^r., a species very closely allied to P», mimica^ and with almost 
equally variable cross-venation, must be suppressed entirely, and 
its typo-species retained within Payckopgvf Newman. 

(3) The genus Wemzia, as defined by Navis, does not even 
include all the specimens of its type-species. If, however, the 
definition of the genus be widened, then it at once forms a part 
of the PsyoAcipris-series of species, and should be included in that 
genus. 

(4) The genus Mayailaiuts is founded upon a type-species which 
grades into JFemzia in the characters of some of its individual 
members. This should also, therefore^ be removed back to 
Piyehapns. 

If these conclusions be accepted, the genus Ptyehopwis will 
include forms showing a gradual transition, from four aeries to 
two in the forewing, and from three series to one in the hind, 
with scarcely a break anywhere in the series. Bearing in mind 
that the gradations are not specific constants, but essentially of 
individual valw only, it must be evident that any attempt, to 
subdivide this genus, upon the basis of these variable charooten, 
is bound to fail. 

Wo have^ therefore^ to ask whether we should be content to 
leave all the Australian species in the genus Payehopaia^ or 
whether we diould seek for some new division. 
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I believe that h natural diviHiuii of the Aiistruliaii specien in 
poHsible, witliout attempting U> make use «if eharactei*H ho essen¬ 
tially variable as the ci*usH-\ciiatiou. xViiyone who has studied 
these insects at all fully will be at once struck with the very 
great ditfereiico exhibited Ix^tweeii PHychupHia illidtjei Fruggatt, 
and all the other Hpecies. TIuh may be seen at once by com¬ 
paring Plate Ixxvii., fig.4, with Text-fig. 1 and Plate Ixxviii., fig. 
10. Apart fii>in its much greater size, Ph, xHidyax differs fixiin 
all the other species by the sliape of the wings, in which (but 
inoi'c especially in the fore wing), the dorsal margin is stmngly 
excavated, m> that the toriius projects very prominently beyond 
the rest of the wing-area, lliis species is also unique in possess¬ 
ing raised or embossed areas upon the forewing. Further, there 
is a great difference in the venation, in that the branches of the 
radial sector are far more numerous and closely set in this species 
than in any other, giving the wings the appearance of having 
been made frein spun silk or some other fine material. Finally, 
if we examine the condition of the median vein, we shall find 
that it has from four to six branches within the disc; whereas, 
in all the other species, it is only two-branched. Tliese differ¬ 
ences are so striking, that I have no hesitation in separating out 
Pa, Midyei from the other species of the genus, to form the type 
of a new genus Megap^ychopHy whose full definition will bo found 
below. 

All the Australian species left over in the genus P^ychopain 
agree in poaseasing a moderate number of branches of the radial 
sector, in having a hindwing about two-thirds as wide aH the 
fore, and with a very characteristic, dark, round spot upon it, 
towards the apex. But I have, in my collection, a small new 
species, in which the hindwing is much narrower, being only 
about half as wide as the forewing, and the dark spot is absent. 
Though these characters do not separate this species so distinctly 
from the rest as do those of Ps. iUidgei^ yet they have the merit 
of being obviously oonstants. Hence I propose to describe this 
new species under a new generic name, PtyekopaeUa^ of which it 
will form the type. The full definition of this genus is given 
below. 
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Thei*e now i^emain wiUiin the genuN PayehojiHiH the nix Auntra- 
lian KjieeieH mmuca Newman, yneoi/tii, imp., Guer., 

ewhi'iiynH Walker, Walker, and vif^yrieki McTjacli. Of 

thene, tlie first three are distinguished by their usually laiger 
sixo, the somewhat aiiguluted toriius of the wings, and the pink 
or red cohmration of tlie markings almve the torrius of the foits- 
wing. Cmitrustcd with tliese, the otlior tlii-ee are usually of 
Miiialler size, \%ith more roiinderl wings, tlie tornus not pmiuiiiont, 
and the colouration either fawn, brown, or black. It would 
ap{M5ar at first sight that these two grou|>s suggest a natural 
division of the genus into two. Hut, unfortunately, the species 
Guer., is so variable that it forms a connecting link 
between the two groups. J have a number of specimens that 
are no larger than well>sized examples of /V moreover, 

the Hiiialler the s|)ecimen, the more rounded does the wing 
boeonie; so that iiiy series of ei^jatui offers almost a complete 
tmtisition fiHiin the aiigulated tornus, seen in munica^ to the 
rounded tornus of himlem. lliere remains, thei*efore, nothing 
but the colour Ui go upon. The only conclusion 1 can legiti¬ 
mately come to is, that these six species form a natural assem¬ 
blage, which is best expressed as a single genus. But, having 
said that, it should also be remarked that all six species are very 
distinct forms, and there is no difficulty whatever in separating 
them at sight. A key to tlicse species will be found lielow. 

Key to the Australian Genera. 

MjGcUi vestigial. Fore and liindwings of almost equal width, 
with the branches of Hs excessively numerous (27 to 32 
in foi-ewiiig, 18 to 24 in hind), exceedingly close together, so 
as to give the wing the appearance of the close texture of spun 
silk; dorsal margin strongly excavated befoio tlie tornus, the 
latter very prominent, especially in tlie forewiiig. M at least 
four*braiiehed. Fo&owings with raised or enibossed areas,... 
.MaoArsvcHOPS, n.g. (Type, PuyehopaU UOdifti Kraggatt). 

Ocelli absent. Hitglwing distinctly narrower than fore. 
BraiioUes of Ks moderately numerous (from 7 to 16), not ex- 
oessivel)' close together; M only two-branched; dorsal margin 
straight or only slightly excavated; no raised or embos^ 
areas on forswing. % 
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Hiiidwinj{ aUiui iwo-UiiitlM ah liroocl aa forowinij; and with a 

diHtinot dark nmndiMl R|>oi luwartlH apex or t«rmoti. 

. PsTCHOt'BiH Newman. 

Hindwinx only juHt over one-half ah wide ah forewing, and 

without any suoh spot ... . . 

.V4Yi'Hoi>8lfiiJ.A, 11 .(Type, goJUaMi^ n.j{. et Hp.). 


M K A pa Y c H o PH, iL^. (Platca Ixxvi., Ixxvii.). 

CharacterH an given above. I^argo inaectb, expunae over 
50 mm. 

Genotype, pHyrhupsis ilhdgt*i Kmggatt. 

Mkoaphyomoph iLLiiiOKi (Froggati). (Platen Ixxvi., Ixxvii.). 

PftychtiitHiH iUidyei Froggatt, These Pi*ocoe<HngH, 1903, xxviii., 
p.455, PI. xxi., iigH.7, 9. Naviin, Ooiigrcno do Valladolid, 1916, 
p.l9l. flg.2. 

There in no neeil to add very inucli to the excellent description 
given by Fixiggatt. The insect in no dintinct and mnarkable, 
that it cannot fail Ut be I'ecognined at night. 

Mount Tamtiourine, Mouth Cjm^ennland ; 1,900 feet. 
Esceedingly mre, only five npeciinenn having Ixsen taken during 
twenty yearn, all attracted to light. 

Plate Ixxvi., 6g.2, in a vety fine photograph of the roagnificent 
specimen in the galleries of the Queensland Museum. Thin 
specimen is an exceptionally large feinalo. Plato Ixxvi., fign.l, 3, 
show the venation of the foi*e> and hind wings of the same speci> 
men. 

Plate Ixxvii., fig,4, shown the venation of the small male in 
uiy ooUection, This is api)areiitly the only known male of this 
species. A short description of the ixnnts in whicii it differs 
from the female is here given:— 

J'oitU lengthy 13*6 niui.j ybretmfij/, 26tnui.; hhidwinyt 22 mm.; 
f*n^9i4N!, 54*5 mm. Colouration nut quite as dark as in female; 
the spots near tornus of hindwings pale and somi-tiHuspareiit. 

Abdomen very short, only 7*5 mm. lung, narrowed at base, 
but much swollen anally. Appendages consisting of a pair of 
superior and a pair of interior, broadly triangular, valve-like 
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latninie, fonning a pyramid, which almost completely hides the 
end of the abdomen from view (Plate Ixxvii,, 

Type, in Cull. Fmggatt. 

As the extinction of this line insect would seem to be only a 
matter of a few yeai^ owing to the gi^dual clearing of the 
mountain which is its only known home, the following account 
of its habits and resting position, taken from notes supplied by 
Miss M. Davidson, of Cedar Cottage, Mount Tambourine, will 
lie of oonsideiiible iritorust to all entomoli^ists. The figui^es 
given on Plato Ixxvii., figs.6-7, were dtiawn from peticil-sketches 
of the living insect made by Miss Davidson. 

At rest, the position of the wings depends upon the kind of 
surface on which the insect is placed. When, as usual, it rests 
upon the bark of a tree, or some fairly wide and fiat surface, the 
wings are held roof-wise over the body, but inclined wide apart, 
at an obtuse angle, as is sliown in Plate Ixxvii., fig.6. In this 
position, the resemblance to a lieptilian head is very striking, as 
is also said to be the case with the gigantic Hepialid, Leio siaceyi 
Scott. Both insects Irnve the emboased atm in much tlie same 
position, resembling a pair of wide-open eyes. But, in Me^p^y- 
chops, thei'e is the additional suggestion of the forwaidly project* 
ing snout, formed by the coalescence of two dorsal bands right 
up to the bead. 

The local name for this insect on Mount Tambourine is, as I 
am informed by Mr. W. H. Davidson, the Cross-bones.” This 
would appear to have been suggested by the resemblauce of the 
transverse band on the forewhig, with its soiQewhat narrow 
stalk, terminated at either end by an enlarged embossment, to 
the crossed femoral bones in the traditional pirate’s emblem of 
the '^skull and cross-bones.” 

When resting on a tvdg, the wings are brought doser together, 
so as to form a steep roof over the body, as may be seen in Plate 
Ixxvii., fig. 7. The head is almost completely retracted, and the 
antenniB folded beneath it oat of sight. At night-tinke^ when 
the insect becomes active, or when feeding, the head is protruded 
and raised up, while the antennm are held almost vertically 
upwards. 
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In either position of i* 08 t, Mins Daviilson states that'the re- 
NOjnblafioe of the itistjcl to a iiiodorate-sissed fungus is very marked. 
Certainly, the white colour of the wings, with their yellowish- 
bi\)wii markings, would suggest this; but I do not know whether 
thei'o is actually any fungus growing on the mountain for which 
the insect might In* readily mistaken, llaless thora is, we can¬ 
not say that the appearance of the insect is such as to afford it 
imdily any protection from birds. From the fact tliat its wings 
have Iteeii seen several times lying upiiii the ground, the insect 
liaving evidently been seized and eaten by a biid, and also that 
Mr. Davidson himself lost a fine female from his veraiidali, 
through a hiixl seizing it, there would seem to be printa facie 
evidence that its appearance affords it no protection whatever. 
Birds may, therefore, have been one of the main factors in the 
reduction of the Peyckupaidtc to a mere remnant since J urassic 
times, and also itr the total extinction of their Jurassic allies, the 
Proh4nnerohiid(c and the gigantic KaUujramtnatidte. 

Miss Davidson's sketches were made tyom the speciiiien in my 
collection, which was captui*ed on Dec. 7th, 1916, and was kept 
alive for about a fortniglit on sugar and water, in the hope that 
it might lay some eggs. Uufoi'tunately, it pn>ved to 1)0 a male. 
A fine female, which was apparently attracted to it one night, 
was seen in the early morning resting upon the verandah; but, 
as already recorded, was seized and carried otf hy a bird, beforo 
Mr. Davidson could secure it. 

PsYGHOPSis Newman. 

Newman, Entomologist, 1842, p.416. Hagen, Htett. ent. Zeit. 
1867, p.376. 

Aricriopieryx Querin, Icdnographie du H^gno Animal, 1845, 
iii,, p,389. 

Arieriopieryx (partim) NavdLs, Congr. Valladolid, 1916, p.l89. 

Navis, Broteria Braga, 1910, p.82. 

Wermia (partim) Navis, Mem. R. Acad. Ci. Art, Barcelona, 
1912, X., p.l96. 

Magaltanea (partim). Navis, Mem. R. Acad. Ci. Art., Barce¬ 
lona, 1912, X., p.l97. 
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CharacterK as given in the key on p.771, with the following 
additioiiH;—Moderate-Hized iiiHectH, expaiiHe vatyiiig fi^um 25 to 
50 mm.; with or without HriaHtomo8is between M and Cu in 
forewing. 

Genotype, pHyvkopsits nnmim Newman. 

With regard to the variable character of the amount of anasto- 
moeis between M and Cu in forewing, 'rext>fig.4 showH two of 
the variable conditions to be fount! in the genus. In the type- 
species, Ps. mimicOf the most frefluent condition is that shown 
in Text-fig.4a; but a condition resembling that shown in b may 
also occur in one or l)oth wings. In f^ieymufy the cominonest 
condition is that shown in b^ but there are many irragularities 
in one or both wings. In P« either of the two con¬ 

ditions shown in a and b may l)e present, or the anastomosis may 
be complicated by the presence of numerous cross-veins, or there 
may be no anastoiuosis at all; this last condition is the most 
usual one for Pb, itusolefiB, 

Not having seen any of the African species, 1 cannot say 
whether the type of aiiastoniosis on which Navds bases Ins separa¬ 
tion of these species, as a tribe sepatato from the Australian ones, 
is of the type hera shown or not; but, as be qualifies his statement 
that M, Cu and its sector (by which, T presume, he means Cu;,) 
aiv anastomosed, by the phmse ‘^tuagis vel minus sensibili'’(iS, 
p,199), I anticipate that hei*e, as almost eveiywhere else, he has 
failed to select a constant character for his subdivision, and that 
a thorough I'evisiou of the African species will I'esult in the com 
plete collapse of his tribal distinctions. 


Key to the Hpecies of PnyohopBiB^ 


(1) 


^fiSiger species, expanse 33 to .10 nun., witi] defiiiite, traiisveine 
fascia; in forewing, and pink or red markings near tornus; 
forewing with more or less pruniiuent tornus. Dark spot on 
hindwiiig placed well Wcur the anastomosis of 8o, R, and Rs. 
Smaller species, expanse *2t1 to 36 mm., with tesseXated, fawn- 
coloured, grey or block markings on forewing; tornus well 
rounded. Dork spot of hindwing placed either upon the 
^ anastomosis itself, or botweon it and the apex. 


2 . 


4. 
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'FatKiiu* of forawing very (UHtiiiot; no )»UxiH-red patch Hituaied 

about oiie>fourth of the wing length fmiii the Iwee.3. 

Faeoia* losa diatmot; a blood-nvl patch on forewing, at aUnit 
one-fourth of the wing-length from iMHe . . /*8. e/ej/oiM (tluvr.). 


^Twu very distinot and well M3pamted black spote, of moderate 
sisse, situated near tornuHof forewiiig; at least five traiisvcrae 
fascife, of which the finut ends in a dark blotoh overlying 8c, 

K, and Rh at about one-fourth of the wingdength fnini the 
haK(*, while the last thi«e converge towanls the ton ms. . 

. I\ mimica Newman. 

IVo very minute black spots clofie together at torn us of fot'e- 
wing; only four transverse fasciie, of which the first com¬ 
pletely cruHses the wing to the dnrHum, while the third and 
fourili converge to meet alxive the toniiis. . . ./V 7 »YtriViV, n.sp. 

'Split of hind wing omeriiig the anastomoMiM «». 

8pot of hiiidwiiig phu^l alsiut half-way between anastomoHiH 
and apex; colouration of forawirig yellowish-biuwii or fawii- 

^ colour... Pm, /nso/eiM Mcl4ach. 




'Forewing heavily marked with black; spot, of hindwmg black 

. pH, (Walker). 

Foi'ewing tesselateil with pate grey; spot of hindwitig pale 
fuBOous. /*s. imyfteki Mcf^acli. 


pHYCHoraie MiMira Newman 

Newman, fintomologiet, 1842, p.41.5. 

Froggatt, Tliese Proceoilingti, 1903, xxviii., p.454, PI, xxi., 

3-5 (ixec Pnychup^i$ mimtea Froggatt, These Proceedings, 1902, 
xxvii,, p 367). 

Navd^ CoQgr. Valladolid, 1915, p,190, fig.l. 

/fetaeroMui mimteiM Walker, Cat. Neuroptera Bril. Museum, 
1853,p.279.' 

Type, in British Museum. 

This is the most widely distributed of all the known species, 
but by 110 means the oommonest. I have seen specimens from 
several loealicies in the south-west of Western Australia, from 
South Australia (including several taken at liglit in Adelaide), 
from Victoria, and from the western parts of New South Wales. 
Along the coastal strip of New South Wales, it is replaced by 
P$. sj^ani; but it reaches the coast again around Brisbane, (]., 
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where a imnaber have been taken at electric lights. I know of 
no record further north than this. 

PsTCHOPsis GRACILIS, n.sp. (Plate txxviii., 6g.l0). 

^ Toiai 11 mm.; abdomen^ S'Smin.; /bivtcttu/, 20 5mui . 

hiwiufing^ 17*6 mm.; 42*6 mm. 

Head pale brownish in colour, 1*6 iiiin. wide, eyes black, 
atiUnnte pale ocbreous, 4 mm. long. 

Thorax; prothorax pale ochreous, 0*6 mm. long by 1 *2 iiiiii. 
wide. PUroihoroje pale ochreous anteriorlyi shading to dark 
greyish-brown behind, irregularly marked with brown blotches; 
greatest width 2 inm. Legs very short, very pale ochreous in 
colour, slightly darker on tibias and tarsi. 

Wings with a general resemblance to those of P» mtmico, 
but much more transparent, more delicately built, and less hairy. 
If placed upon a dark background, the wings of Pb. mtmica 
appear white, with their pattern of dark fascisa and other mark¬ 
ings showing up very distinctly; those of Pb, gmct/ts, on the 
other hand, are very transparent, so that neither the venation 
nor the colour-pattern shows up well under these conditions. 
Fui-ewings more triangular in shape than those of Pb, rntmteo, 
more narrowed towards the base, and slightly wider at the level 
of the tornus. Only four distinct transverse fasciw, of which the 
first two are only lightly indicated in the costal area (those of 
Pb. tnimiea are most strongly marked in this area); the most 
basal fascia runs as a slight arc from So to the dorsum, at alx>ut 
one-fourth of the wing-length from the base; the second is incom¬ 
plete, and passes from Se transversely only half-way across the 
disc, a little boaad of the middle of the wing; the* third is well 
marked on the costal area, slightly broken as it approaches S*o, 
then well marked as it passes downwards, somewhat obliquely, 
to meet the fourth above the tornus; the fourth fascia is also 
well marked in the costal area, and passes Just outside the 
anastomosis, transversdy downwards, to meet the third at an 
angle of about 60*. On this fourth fascia, just before it meets 
the third, are two distinct Uackisb spots; below the union of the 
fascia, and extending to the tornus, is a broad pinkish band, 
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carrying two small black spots at the tornus itself. All the 
above fasciffi are formed, as in mtmtca, of two more or less 
parallel dark linos placed fairly close together, and enclosing a 
paler area. The only other markings are an irregular brownish 
area close to the base, between H and Gu, a series of irregular 
markings along the dorsum, and indications of an extra fascia 
lying below the apex of the wing, parallel and close to the termen 
(as also in mimiea). Hind wing quite difierently shaped 
from that of Ps. mimtca, the base being much narrower, the 
terminal border cut off straight, and the tomus approaching a 
right angle; hind border or dorsum slightly excavated. Dark 
spot somewhat larger than is usual in tntmica, less definite in 
shape, and brownish instead of black. 

Abdomen pale brownish, with darker markings, somewhat 
narrowed basally (apparently much shrunken), enlarged anally, 
Appendageg (Plate Ixxvii., fig.8) consisting of a pair of superior 
and a pair of inferior, triangular, valve-like laminn, partly em¬ 
bracing the terminal segment, but with their apices not meeting 
together in the middle line. 

Type, in Coll. Tillyard. 

^a6.--Hooyong, N.S. W , Nov. 1904 (S. W. Jackson). There 
is also a very damage<i specimen in the Queensland Museum, 
Brisbane, from Mount Tambourine. 

This very delicate and graceful species is easily distinguished 
from all the known species except Ps. mimtca; the differences 
which separate it from this latter species have been emphasised 
in the key and in the description given above. 

PsTCHOPsiB KLiaaKB (Ou^rin). (Text-figs. 1-3). 

ArUriojAgryx deyang Guerin, Iconographie du Rigne Animal, 
1846, iii., p 389. Navds, Congr. Valladolid, 1916, p.l93. 

ZygopKlghi%ig I’mYtttantftM Navds, Broteria Braga, 1910, p.84, 
fig,23. 

Pif^hopgig mimiea Froggatt, These Proceodinga, 1902, xxvii., 
p.367. 

Pgychcpgig neumumi Froggatt, These Proceedings, 1903, p.464, 
PI. xzi., figa,l-2. Navis, Congr. Valladolid, 1916, p.l9]. 
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'I'ypoi in PariR Museum. 

Hah —Bastern coast of Australia, from Sydney to North 
Queensland (Oaims, Kuranda, Herberton). 

This species is occasionally taken at light, or beaten from 
bushes, but was considered quite a rarity until Mr. Luke Oallard, 
of Epping, N.8. W , discovered the larva. Since then, be has suc¬ 
ceeded in breeding a numlxjr from larveo found around Epping, 
and T have bred out nearly two doaen from lari'iv taken in various 
localities, including Hornsby and fierowra, in the Sydney dis- 
trict, Waucbope on the North Coast of New South Wales, Bris¬ 
bane, Stradbroke Ts., Caloundra, Caboolture, Land8l)orongh and 
Mount Tambourine, in Queensland Mr. F. P. Dodd has taken 
the insect at Kuranda and Herberton, N. Queensland. 

From larvjB taken on One-tree Hill, Brisbane, under the bark 
of an Ironhark tree (E%icaJlyptu$ kneaxylon F.v.M.), I bred both 
Pa. eUyaiM and Pm, ctdvmguM. There is so little difference 
between the two larvcs, except in siae, that I was not able to 
distinguish which was which. This’seems to me to be a further 
argument against removing P%, caUxHkgns from the genus 
Ptycho^mu, 

PsTCHOPSiB casLiVAOCB (Walkor). 

HtVMTiAiuM adiffoguM Walker, Cat. Neuroptera Brit. Mus., 
1863, p.279. 

PsycAopsuf ccsftea^usFroggatt, These Proceedings, 1903,xxviii., 
p.466, PI. xxi., fig.8 (nec Froggatt, /c., 1902, xxvii., p.368). 

Wemzia codivaga Navds, Mem. R. Acad. Ci. Art, Barcelona, 
1912, X., p.l95. Navis, Oongr. Valladolid, 1916, p.l94. 

Type, in British Museum. 

Hob ,—Queensland coast, from Brisbane to Kuranda and Her¬ 
berton. A rare species. 

This exceedingly striking species is at once distinguished by 
the remarkable metallic black markings of the forewings, as well 
as hy the pure whiteness of the venation, which gives it a roost 
striking appearance. Some years ago, it was not uncommon on 
One-tree Hill, Brisbane; but recent severe bush-ftres seem almost 
to have exterminated it, 
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PsYCHOPBis 1N80LKK8 McT^Bchlan. 

McLachlaii, Juurn. Entomology, 1866, ii., p.l 14. 

pHychopsis ctelivaga Froggatt, These Proceedings, 1902, xxvii, 
p.367. 

PnychopsiH lUBoUnB Froggatt, /.c., 190*2, xxvii., p.367; Froggatt, 
Ac., 1903, xxvii., p.404, f.6. 

MiMgallaneB imolmB Navds, Mem ll. Acad. Ci. Art., Earceloiia, 
1912, X, p.t97 Navas, Congr. Valladolid, 1916, p 196. ' 

Type, in Britisli Museum. 

//a/>.—New South Wales and Queensland; not uncommon 
It occurs only sparingly in the Sydney district, but is commoner 
on the tablelands, particularly on the Queensland bonier. T 
have good series from KiHarney, also from Mount Tambourine. 
It has been taken as far north as Herbert on (K. P. Dodd). Most 
of the specimens appear to have lieeii taken at light. Nothing 
is known of its life^history. 

This species is less beautiful than any of the others, but freshly 
emerged speciineiis are of a very eilective fawn-colour, which 
fades considerably with age. 

PsYCHOPRis MBTRiOKi McT.iachlan. 

McLAchlan, Ent. Mo. Mag., 1H67, xxiv., p.30. 

MagallaneB mByricki Navas, Congr. Valladolid, 1915, p.l97. 

Type, in Coll. McLachlan. 

^a6.—Jindabyne, N,8.W., 2,800 feet. 

I have not seen this species, of which the unique series of seven 
specimens taken by Mr Meyrick on Jan. 20th, 1885, is in the 
McLachlan Collection. McLachlan gave the habitat as Kos¬ 
ciusko, 2,800 feet,*’ but this is evulently an error. Mr Meyrick 
informs me (tn liU,) that the specimens were actually taken near 
Mr. Body's Station at Jindabyne. This latter township is on 
the main route to Mount Kosciusko, but more than thirty miles 
from its summit; the Kosciusko Range does not begin to rise 
from the Motiaro Plateau until the junction of the Snowy and 
Thredbo Rivers is reached, and this is some miles beyond Jinda¬ 
byne. It seems desirable to point this out, since the type of 
country in which the insect was taken difbrs very greatly from 
that found at higher elevations on the Kosciusko Range. 
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Prtchopsslla, n.g. (Plate Ixxviii., fig. 11), 
Characters as given in the key on p.771. Hmall insects, with 
an expanse of about an inch; the hindwings very much shorter 
than the fore. 

Genotype, P$yehop»flJla gMardiy n sp. 

PsYCHOPSRLLA QALLARDi, n.sp, (Plate Ixxviii., fig.11). 

Unique. Total Imgik^ 7*8 mm.; ahdomeny 5mm.; farmmig^ 
lS*5rom.; hindwiny^ 9*5 mm.; 24*5 mm. 

Head 1*3mm. wide, pale ochreous; eyes dark grey; anUnna 
dull brownish, very short, 1-8 mm. 

Thorax: jrrothorax pale ochreous. Pieroihorax dull brown¬ 
ish, with darker markings. Lega very short, with pale ochreous 
femora, slightly darker tibia and tarsi. 

Wings; forewing with discal and internal gradate series 
complete, the former consisting of fifteen cross-veins, the latter 
of nine. Costal series of cross-veins rudimentary, consisting of 
only about six cross-veins near base, and a single one about half¬ 
way along the costal area; marginal series absent. Colouration 
a very pale ochreous, tesselated all over with slightly darker 
markings, and here and there small dark brown patches; of 
these, the most prominent are three sets along the vena triplica, 
another just beyond the anastomosis, one near the middle of the 
discal series, two in the marginal area, and some irregular dark 
markings along Ou. Uindwing with short discal and internal 
gradate senes, not complete, the former of six or seven cross- 
veins, the latter of only four; no marginal series, and only one 
or two costal cross-veins near base. No tnarkinge at all upon 
tie iindufingt which is dull whitish and quite transparent. < 

A bddmen pale ochreous, prettily marked with a mid-dorsal 
series of dark spots and smaller lateral spots on each segment. 
Affendagu: euperior^ a pair of veiy conspicuous, depressed, sub- 
triangular processes, laterally fiattsoed, and appearing somewhat 
forcipate from above; these project well beyond the tip of the 
abdomen; each one baa ats apex rounded, and oarries near its 
base, on the outer side, a raised embossment; the whole of the 
appendage above the embossment, and outwa^s to the tip, 
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carrieA lon^, curbed, wliitiNli hairs Ventrally, these appendages 
are separated by a broad^ short, trupexoidal Ui/erior app^ntdage, 
whitish in colour (Plate Ixxvii., ftg.9;. 

Type, in Coll. Tiltyard. 

liah ,—The specimen carries no label; but Mr. Gallard, from 
whom T obtained it, informs me that he bred it from a larva 
found near Qosford, N.8.W. 

At first «ight, this species appears to resemble a small speci¬ 
men of P». innoUnB, Tt may readily Vte separated from the latter 
species by the much more delicate build, the much shorter and 
narrower hindwings, with any markings on them, and the more 
delicate, paler, narrower, and less strongly marked fore wings 

U e 1 a t i o n 8 h i p s of the P Bgehop gidtr. 

There can be little doubt that the nearest relatives of the 
pBychopBxdtn are to be found in the Mesoxoic Fossil families Pro- 
hAmBvohiidat and KaUigrammaiidff, The former, which very 
prolmble represent the original type of the Order Plani|)ennia, 
are known from the Upper Trias of Tpswich, Queensland, and 
from tfie Lias and Upper Jurassic of Europe. The genus Proto- 
pBychopiiB Tillyard, appears to connect the Prohnnen^obiidm with 
the PByckopsidm very cfosely. This relationship has sin(*e been 
further emphasised by the discovery of a second fossil from these 
beds, differing very little from Megapnychops illxdgttx itself. This 
foBsil will shortly be described by me in Part 5 of my “ Mesozoic 
Insects of Queensland.’* The differences between the PtiyehopnidiB 
and the Prohemarobiida are simply those in which the former 
family shows specialisation, vis., the enlargement of the costal 
area, with development of a series of connecting cross-veins, the 
formation of the vena triplica and anastomosis, and, very pro¬ 
bably, the shortening of the antenne. In all known ProkemmHh 
Aiiclcs, the costal apace is either quite narrow, or only moderately 
wide, for its whole width, or only widened at the base; costal 
veins are never developed; Be, B, and Rs run close together, but 
quite separate, to the apex of tbe wing, without being partially 
strengthened and separated off to form a vena triplica, as in 
P9yphop9idat\ cross-veins ap| ear to be entirely absent from roost 
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spocies, hut may be very weakly indicated l>etween Sc, R, and 
Rs, and also in the position of the gradate series (these, though 
shown in my figure of ProtopiyehopHia^ are so faintly indicatefl, 
that T have been doubtful how far they really existed). The 
oldest forms of ProhAmerobiidi^ were only of small to rncMlerate 
size, with only moderately numerous branches of Ks; S)>eeiiili8a- 
tions in this family appear to have led to the development of 
forms with an immense number of closely‘Set branches of Hs. 
The Upper Jurassic forms are, on the whole, considerably larger 
than the Liassic forms. 

As regards the Kalligrammaiida^ these gigantic insects differ 
from the Prohamerohiidia only in the development of a close 
series of connecting cross-veins all over the disc; in the beginning 
of an anastomosis, by connection of 8o with U distal]y by means 
of a short cross-vein, very much as in Paychopaia'^ and in the 
development of the large eye-spots on the wings, recalling those 
of Megapaychapa Ulidgei, The rise and fall of this wonderful 
family was probably very quick; for, if their larvie, as is pro¬ 
bable, were at all like those of Paychopaia^ they could scarcely 
have attained to dominance before the rise of the Birds must 
have quickly exterminated them. 

Here let it be noted that Magapaychopa illidgei shows, in the 
possession of a media with more than two branches, a ctiaracter 
that was evidently possessed by the KMigrammatidaa (the true 
M of this family is labelled Gu by Handlirsch), and by certain 
of the Liassic Ptohm^Tohiidm^ if not by ail. (Combining this 
fact with another obvious one, viz., that the development of 
numerous branches of Rs, occupying a very large area of the 
wing, is a specialisation confined to the Planipennia, and must^ 
of necessity, have caused a squeezing out and consequent reduc¬ 
tion of the media, we are bound to conclude that the ancestors 
of the Planipennia approached more closely to the Panorpoid 
type, as regards the structure of Rs and M, than they do to-day, 
and that the many-branched media of Mtgapaydwpa iUidgni is an 
archaic survival that stands to remind us of this fact. 

I regard the Paychapaidm as a Mesozoic remnant^ oooaidarably 
isolated, at the present day, from all other existing fomilies. In 
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order to understand their position, it must be emphasised that 
they have closest atHnity with those groups in which the cross- 
venation is limited to gradate series, and Sc is not united with 
R in a anastomosis by actual fusion of the two main 
veins). Thus they show uHinity, on the one hand, with the 
Heimrobiidas (s.str.) ari<l DilaHdir^ hub remain more primitive 
than either of these, on account of the single radial sector of the 
forewing; while, on the other hand, they are related to the 7’rt- 
eJiomatido!, Apochrynidti^^^ and ChryBo^ndUr. The Trichomaiidat^ 
like the pBychopsida^ appear U) be a direct offshoot of the old 
Prokenyirobiidvp', but their tendency has been towards reduction 
and narrowing of the wings; whereas that of the pBychopsidm 
has proceeded in the opposite direction. In the Apochi'yBida^ 
wo recognise a group of insects with certain characters of the 
wings strongly suggestive of Psychopsid affinities, viz., the widen¬ 
ing of the costal area and the extreme dififerentiation of the disc.' 
Bearing in mind, however, the slender build and elongated 
antennsB, and their evident close relationship with the ChryBo- 
pidmy I am inclined to regard these vcnational characters as the 
result of convergence, rather than of true relationship. Both 
the A^tochryBxdcB and the Chrysopidte differ radically from the 
PByetM>pBidcB in the manner of development of the branches of 
Rs, which tend to cross the wing transversely, and have thus 
brought about new tendencies in the development of the gradate 
series, and finally the unique formation of the pseudomedia and 
pseudocubitus. * 

The larval form of PuyohopaiB is such that, from it, there can 
be equally easily derived the small-jawed series of larvae found 
in the HamenAiidm^ CArysopute, etc., or the long-jawed series of 
the Beroihidm and Omylida^ or the large-jawod series of the 
Nymphidm^ Myi^mUontidm^ etc. In the last series, there has 
been a gradual addition of internal teeth to the mandible, 
beginning with one only in HymphidoB^ and passing up to three 
or more in MyrmeUoniidet^ Hence we shall probably be on safe 
ground, if we regaitl the larval type found in Paychopm as 
closely similar to that of the extinct ProhemBf^idm, 

From the Baroihida^ and Oamy/tdee, the Pa^chopnd<a are at 
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once distingnislied by the lack of a true anastomoBiB l)eiween Sc 
uud R. The Rtroihidtr are clearly a specialisation froin the 
older Trichttmatidfe^ the O^mylidth from a type resembling the 
atill existing PolyBtiKchote»^ which, to ray mind, will go well 
enough into the Beroihidtp as at present defined. It should be 
noted that both palieontological and morphological evidence 
tends to show that the groups with numerous cross-veins in the 
disc are of more recent origin than those without; it is only by 
stressing this point that we can be sure of obtaining a correct 
view of the Phylogeny of the Planipennia, which are an essential 
portion of the Panorpoid ('oinplex, and originated from more 
open-veined ancestors. 


HIBLIOGRAPHY. 

1. Banks, N., 1910.—** Synonymioal Notes on Neuroptera.” Ent. News, 

Philadelphia, 1910, p.389, (Zyyopkldiui and BaImM Nav&s oon- 
mdered to he synonyrnH of Pi^vhojnd% Newman). 

2. -, 1913.—*‘ 8yluipses and desoriptions of Exotio Neuroptera. ** 

*Traim. Amer. Ent. Sou., 10)3, xxxix., pp.201-242. (Subfamily 
Hi^yehoptniut eatablished on account of the union of So, R, and Rs). 

3. Froooatt, 1902.—"Notes on Australian Neuroptera and their Life- 

Histories.'' Pmo. Liiin. Soo. N, 8, Wales, 1002, xxvii., p.35S. 

4. -, HW3.—" Notes on the genus pByeh4>pttie Newman, with 

Hesoriptions of new Species.” /Aid., 1903, xxviii., p.43S, PI. xxi. 

3. (iUKRiN, 184^,—loonographie dtt RAgue Animal, 1820-1844, iii., p.380. 
(Description of Art%n<»pUryx deganB), 

3. Haobn, 1367.—‘*Hemerobidarum Synopsis synonymioa.” Stett ent. 
Zeit, 1807, p.375. (Cbaraoters of the genus P^yekopm Newman). 

7. McI^achlan, 1866.—*'On some new Species of Neuropterous Inseots 

from Australia and New Zealand, belonging to the Family Htmtinh 
biidte,** Joum. Entom., 1866, ii., p.lll. (Description of Ps, 
tnso/ensj. 

3. '■■■ >, n.sp. Ent. Mo. Mag., 1887, 

xxiv., p,30. 

8. — 1891.—*'An Asiatic Pifyehepm^^(P b. birmaiM,n.sp.). Ent 

Mo. Mag., 1801, xxvii., p,320. 

10.-, 1002—A second African Species of Payeh^'* {Pi. 

nutrihaiU MoLiaoh.), Ent. Mo, Meg,, 1002* xxxviii,, p.234. 



BY n. J. TtLLYABt). 


785 


11. Navas, IfllO.—*'HenfieioliHli>H imevuH, i*oii U da\o «1c lou tnbus y 

g^neifM (ie la fannlia." {{ruivna Bmgu, JBIO, ix., pp.69-90. (Char- 
ontetD of genora ami dcmtiiptinii of %<. fer- 

reaiAr/ntw). 

12. -, lOlii.—** liiHCuiOH Neni'optei'OK mie\oN o p*jco ooiwx'idos.’’ 

Mem. B. Acad. Cieiic. Art. liarceiona, 11112, x., No. 9, pp. 135-2(12. 
(P.fi2, tnlw i\t/rhapMint (ictiiictrl; p.(}3, HVj‘W 2 *fi; and p.tt5, .\fafjaff 
oliaraoieriHed). 

18. -- Esnayo tnoiiografii'o do la familia de lot* Siuopaidob 

(InH. Nciu*.)." Asoo. KK|>Anola paia el do la** ('ioiiuiaH , (on 

}^rcNO de Valladolid. Oot. 1915, pp. isl 210. 

14. Nkwman, IS42.Kiitoiiiolo^fical NoIoh." KiiIoiiioIo^ihI, IH-i2, pp 

413-415. ((leiniH/'MyrAo/Mm dofiiiod, anil lypt^-MpooioH, Ps /u/mira, 
desoHlieil). 

15. TiUiYAHi), 1916.—** Studiea in AtiAtrahan Nenmpteia,^' No. iv. Pkm*. 

Linn. 8oo. N. 8. VValea, 1910, xli., pp. 209-:i^)2, PI. xii.-xix. (See 
pp.271 and 289). 

IS. ' ■' , 1917.—“Mesoaoic InseotH of (jueeiiHland/* No.l. Jhid., 

1917f xlii., p.l78, PI. vih., 8f{.3. (UenuH Ptx>(Qp9ifchop«i« defined^ 
and Pn, venom described. 

17. Walkxh, l853.-4jataiogue of the Neuroptera in the British Museum. 
185.% p.279. 

y^oU »—^This Bibliography is not intended to Ijo a ooniplete one, but only 
to list the papers actually mentioned in this work. The references to 
Australian species are, however, ooniplete. 


EXPLANATION OF PLATK8 LXXVI.-LXXVIII. 

Plate Ixxvi. 

Mtga^pujfchoptt UHdtjti (Froggatt), 

Fig. 1.—Venation of forewing of large 9 in (jaeenalaiid Museum; ( x about 

Fig.2.—-Large 9 in Queensland Museum; ( x about 14). 

Vig.3.~Venation of hindwbig of same specimen; ( x about 2J). 

(Photomiorographs of figs. 1 and 3 taken by Mr. H. Haoker, Kutomolo- 
gtat to the Queensland Museum, and sent by Mr. H. Ix>ngmaii, F.L.8., 
Director of Qie Queensland Museum. Thatof fig.28eut by Dr. R. Hamlyn 
Harrisi late Dlreotor of the same Institution). 
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riaio Ixxvil. 

Mr{faMycho^ts ididtjri (Krot'tfatt). 

^'1^.4. -'Complete wnatioii of ImiIIi wiii^h i)f Hniall <5 in Coll. Tillyarcl; 

(Codipafc Hith Plate Kxvi., aiuJ ooiitraat with Textfig.l. 
ftty loinus; venatiuiial notation an in Text-fig. 1). 

Vig,.K—AppeiidageH of the flame ^ , imKtem-dorsal view; ( x llj) 

Kig.fi —The Hanie iiiMort, atne. i‘es1iiig upon a flat Huitace. Dornal view; 
(Xli). 

Fig.7. —The flame inflect, alive, leatitigiipon a twig. Lateral view; ( x IJ). 
Psychofwh gtucdiH, ii.np. 

Fig.H. - AppeiidageH of 6 . PoMtero-dorHal view; { x Hi). 

Pnychojuteila tfollartli, ii.g, et Hp. 

Kig.tl. AppeiidagcN of 6 . PoHiem-doraal view; ( x27). 

(KigH. fi-7 drawn fiYitii pcncil-flkotohes aent liy Mihh .VJ. Davidnon, of 
Cedar Cottage, Mount Tainbonrine, (j. The dark colouration in a ncli 
hmwn, and reaemhIeH a fairly thick layer of variiiBh. In fig.4, the dotted 
double-arc iudioatefl tlie external raiaorl edge of the large emliociBinent in 
the farewing: the dotted oval repi'eaeiita the aim covered by the dark 
Hpot ill the hind wing. In fig. 7, the alMlotiieti of the intiect in slightly 
viHible tliroiigli the Hemitmiuiparctit wingfl), 

Plate Ixxviii. 

Fig. 10 .—PaychopHtH yputdiM, n-ap., 4 , in Coll. Tillyard; ( x 4). 

Fig.ll. ^pHychopHdlii gaUardi^ n.g. et up. Uiiii|uc S in Coll. Tillyard; 

(x6). 
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STUDIES IN AUSTRALIAN NKUROPTEKA, 

No.7. Tur LifE'Uihtoky of Psyvuopsir KisuASb ((Juerin). 

By R. J. Tillyakp, M.A^ D.S«*., K.L.S., F.E.S., Linnkan 
MA cr.KAV FKLum* of thk Society rv /ooloov. 

(Plate Ixxix., and twelve Texi-liguitis). 

The only account of the life-history of any species of the family 
PsyehnpHiiitn is the short, popular account of the life-history of 
Psychnpsiit deifana Qu^rin, given by Mr. Luke Gallard in the 
“Australian Naturalist** of 1914.* From this we learn that 
Mr. Gallard captured a female of P$, ehgana (ho uses the syno¬ 
nym n^mnani Froggatt, throughout, for this species) at Kent- 
hurst, N.8.W., in 1904. This insect laid over fifty eggs, some 
of which Mr. Gallard raised to about one-third of tho full larval 
size. Mr. Gallard informs me that it was one of these specimens, 
newly hatched, which is figured on p.62 of Mr. Froggatt's “Aus¬ 
tralian Insects’* as the larva of Paydiopau mimica Newman. 

Mr. Gallard did not succeed in rearing the imago until 1911. 
A larva taken in March, 1911, by Mr. J. Blake, of Narara, near 
Oosford, N.8.W., was kept alive by Mr. Gallard until December 
11 th of the same year, when it spun a cocoon in the box, the 
imago emerging on January 16th, 1912. Since then, Mr. Gallard 
has discovered tho larvae in many localities round Sydney, and 
has bred a numlasr of specimens. 

In 1915, when I had bq^un the study of the Neuroptera 
Planipennia, and .was very anxious to study the Paychopsida* in 
particular, Mr. Gallard very Onerously invited me to accompany 
him in the field, and showed me the ingenious ways by which he 
found these larvn. I shall never forgot the skill and energy 
that he displayed in this work. As the whole credit for tho 
discovery of this larva rests with him, and is simply due to his 

* “Notes on Paychopaia fieiimain'.** By Luke Gallard, Australian 
Naturalist, Ui., Fart 3, 1914, pp,29-32. 
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persiaience and keenness in following up clue after clue for many 
years, T should like to take this opportunity of congratulating 
him upon the fine results of his work, and of thanking him very 
heartily for t\\^ help offered to ino, without which I feel quite 
certain that neither i nor anyone else could possibly have hit 
upon the track of such a remarkable larval form as this. 

Since Mr. Gallard first taught me how to find this larva, I 
have discovered it in many locAlities around Sydney, also near 
VVaucliopc on the North Coast of N.S.W,, and in many places 
in S. Queensland, including BHsliaue (One-Tree Uiil), Strad 
broke Tsland, Mount Taiuliourino, Oaboolture, Caloundra, and 
Jjandsborough. It pmhably occurs all along the Eastern Coast¬ 
line of New South Wales and Queensland, wliercvcr there are 
suitable rough-barked, Myrtaeeoiis trees for the larva to hide in. 

Tn the present paper, I propose to give a full description of 
the egg, larva, and pupa, together with an account of the habits 
of the larva, the spinning of the cocoon, the emergence of the 
imago, and some details aliout the latter that have nob yet been 
carefully investigated. 

My thanks are due to my wife for the execution of Plate Ixxix., 
from the living larva and pupa, in collaboration with myself. 

The Ufe-oyole of Payohepslt elegant (Uu^rin). 

The complete life-cycle of this species occupies about two 
years. The larva, like almost all others of this Order, has only 
three instars, during each of which an enormous increase occurs 
in the size of the body, the size of the head remaining constant 
in the meanwhile. The following Table exhibits the duration of 
each period :— 

I’eriod. Duration. 

htf/y ... About twelve days. 

Ftral lanxU inMar .. About eight months, inoludiug hibernation. (Feb - 
Sept.f. 

Secondiartnf ituUtr From four to five months, without hibeniation. 
(8epi.-Feb. or March). 

Third fanrd iwdar .,. Aliout nine muiiths, iuoluding a second hibernation, 
and a fortnight to three weeks within the 
ooooon before pupation. (Maroh*Nov,). 

Fopa ... ... About three weeks. 

Ifnago ... About two months. (Deo.-Feh.) 
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The Egg. (Plato txxix., lig 1; Toxl-H>(. 1), 

Tlie eggs are laid separately, or only two or three tcigetlier, at 
considerable intervals of time; probably, in tlic natural stale, 
upon the Ijark of Myrtaceous ti-ces, ebpecially Kucalypth. In 
captivity, most of the <^gs were laid upon cotton wool. They 
are nut stalked, ami are laid upon one side, which is attached to 
some object by a sliglit secretion of gelatinous mattci. 

The egg itself is oval, about 1 inin. hmg by 0*45 mm. wide in 
the middle, and is of a Remi-o|>aque creamy 
colour, tinged with pale green. At its anterior, 
end there is a distinct niict^pylar projection, 
as shown in Text’flg. 1. The egg is quite 
smooth, without any pattern or sculpture. 

The eggs are usually laid in January or Feb< 
ruary. At the end of about twelve days, they 
hatch. The young larvu, hitherto curled up 
inside, crawl straight out of the broken shell, and at once make 
for some small crack or crevice in the bark, where they may 
escape the numerous enemies that would otherwise speedily 
compass their destruction. 

Flnt liOfYal Instar. (Plate Ixxix., Hgs.2-.S; Texl tig.*i). 

The newly-hatched larva is somewhat more than three times 
os long as the egg in which it was confined, the ineasuremeiit 
being taken from the tip of the mandible to the anal papilla. 
As with all Flanipeimia, such a comparatively large larva can 
only be ooiitained within the egg by considerable folding of 
parts; the head being tucked down below the breast, and the 
posterior half of the abdomen being again folded forwards under 
the head. 

At first, before the larva has taken any food, the head is very 
laige in oomparison with the rest of the body. Hut^ after one 
or two large meals, the abdomen begins to be distended with 
food, and the general appearance of the larva undergoes a great 
alteration, as can be seen by ooinparitig Plate Ixxix., figs. 2 and 3. 
This change takes place in every instar of all Meuropterous larvw 

* Two eggs of Payehopm elegant ^Gu^.); (x 20). 
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known to me. The reasons for it are two; firstly, tliat there are 
only three or four larval instars in this Order; and, secondly, 
that no food at all is excreteii, the waste^products being stored 
in a special sacorchani^ 
ber of tlie alimentary 
canal, which is not cast 
out until the emergence 
of the imago Hence it 
is clear that a large in¬ 
crease in the size of the 
abdomen is inevitable 
during each larval in- 
star, whereas the size of 
the head can only lie in¬ 
creased at eedysis. 

The head of the young 
larva is somewhat 
flattened, trapezi u m- 

shaped, and wider in 
front than behind ; 
length about O'fimiu., 
breadth in front about 
the same. At the two 
anterior angles, which 
are somewhat rounded, 
are the two groups of 
simple eyes, occupying 
the urea from which the 
compound eyes of'the lext-flg.*A 

pupa and imago are Ist^^r developed. There are five ocelli in 
each group. The anterior border of the head projects in the 
middle to form the prominent triangular labrum^ on either side 
of which lie the long, slender anfsnnee, which are eight-jointed. 
The mouth-parts are very extraordinary, consisting of a pair of 

* Newly-hatohed larva of Pb, degaw (Gu^.); (x 90): />, part of hind leg 
of same, to show tarsal olaws and empodium, the Utter in the form of an 
elongated prooeu terminating in a suoking-diso; (x 87)* 
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enormoiifl caliper-likc maridiblcH, 0*7 inm. long, ii .similar but 
slenderer pair of inaxillro without palpi, and a triangular 

labium carrying a pair of foiir-joiiitcd palpi. Ther« are no teeth 
on the mandibles. 

The segments of the thorax are slightly narrower than the 
head, and sul>e(|ual. tlio prothorax l^ing the longer, hut some¬ 
what the narrower The legs are short, the femora lading fairly 
stout, the tihife shorter and slenderer, and the tarsi very short 
and unjoin ted Distally, the tibiie are armed with a pair of 
strong spurs. The tarsi end in a pair of short, strong claws, 
l)etween which there projects a long, slender cm podium, ending 
in an enlarged suction-disc, and closely resembling the same 
structure in the larva of Chrysopifkf, The larva is able to crawl 
forward slowly, but prefers to walk backwaixls, which it can do 
with considerable speed, using its anal papilla as well as its legs. 

The segments of the abdomen are nine in nural)or, together 
with a terminal anal papilla, which represents the reduced tenth 
segment and the anal appendages. These segments are narrow, 
and taper from before backwards. The whole of the alKlonien, 
as well as the head and thorax, is clothed with short, stiff hairs. 

The spiracles in the newly-hatched larva are eighteen in num¬ 
ber, there being a pair upon the prothorax, and also upon eacli 
of the first eight abdominal segments. They are, however, very 
difficult to make out, the spiracular openings lieing small and 
devoid of armature. 

When first hatched, the larva is semi-transparent, with very 
little colour-pattern. Later it darkens to a greyi.sh-brown, which 
tends to become overlaid with a whitish pruinesccnce. These 
changes become more marked in the following instars. 

At the end of the first instar, the larva has al)out doubled its 
length, and the segments of the thorax and abdomen have 
increased greatly in width and length, so that the head now 
appears very small in comparison. 

As soon as the cold weather sets in, in Mayor June, the larva 
ceases to feed, and remains motionless, hiding away in a crevice 
of the bark, until the warmer weather liegins in September. It 
then becomes active again; but, after one or two good meals, it 
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again rests for some days, and then undergoes its first ecdysis. 
This appears to hn fatal to many of the larvtu, ehiefiy owing to 
the great difficulty experieiicod in roinoving the head from the 
very hard shell of the cuticle enclosing it 

Seoond Larval Insiar (Hate Ixxtx., Hg.4; Tcxt-tij$,3). 

At the first ecdysis, there is a great increase in the size of the 
hea<l of the larva, wliich now becomes about 1-4 mm. long in an 
average-sized larva. (Tliei'e is considerable variation in the sizes 
of individual specimens, and this is not rectified in the imagines, 
which also vary greatly in size). The head becomes moro de¬ 
finitely trapezium-shaped than liefore, owing to the increased 
definiteness of the four angles; its colour is a rich brown. An 
extra joint is added to the antennie, wliieli are now nine-jointed, 
and to the labial palps, which liecome five-jointed. The man¬ 
dibles and tnaxiltue are almost as long as the head, shaped as in 
the first instar, but of stronger build. The ocelli become more 
plainly marked, each set of five being placed upon an irregular 
darkened area just behind the base of the antenna. 

Text'fig.3 shows the cast skin of the head of the larva at the 
end of this instar. The armature of the head is very remarkable, 
consisting of numerous raised papill», from each of which a tiny 
hooked hair projects; these are especially conspicuous upon the 
sides of the head, and upon the projecting triangular Jabrum. 
The figure shows very plainly the mid-dorsaJ and lateral splits 
which take place in the cuticle at ecdysis. 

As at hatching, so also at the beginning of the second instar, 
the three thoracic segments are approximately equal in size, the 
prothorax being somewhat longer and narrower than the other 
two. After a meal, the meso- and metathorax swell up, like the 
abdomen. But the prothorax can only swell up posteriorly, the 
neck-coustrictiou remaining unchanged; so that this s^ment 
soon becomes much narrower than the other two. The legs 
remain small, and formed as in the first instar, with unjointed 
tarsi. 

The abdomen is at first fairly slender and tapering towards 
the anus. As the larva feeds, it swells up rapidly, and assutnei 
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the somewhat broad, flattened shape shown in Plate Ixxix., flg.4. 
A alight pattern becomes noticeable upon the abdomen afid 
thorax, more marketlly in some individuals than in others. This 
is mainly due to the onset of pt uiiiescence, which leaves the 



Text-fig. 3. 

Oast skin of head of larva of Pa dtgam (Gu4r.), at second eodYMs; ( x 80). 
original doll brownish colour of the body more definitely marked 
mld*dorsally and in the sutures. A pair of darkish spots can be 
made out on the meso- and metathorax, marking the positions of 
the pinmda of these segments (see p.800). 

At the end of the second instar, the larva has increased to 
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about 8 mm. in length, and is very stout. As tins instar has 
been passed entirely in the suinmer-inunths, with an abundance 
of food and warmth, growth is comparatively rapid, and the 
second ecdysis usually takes place during February or March of 
the second year of larval life. This ecdysis does not appear to 
be such a crisis in the life of the larva as was the first one; pos¬ 
sibly because the larvie are more active in the warm weather, 
and make greater efforts to free themselves from the hard cuticle 
of the head, which is again the principal cause of any mortality 
that fKcurs at this period. 

Third Larval Insiar. (PlaU» l\xix., flg Si; Text-flgfl.4-i)). 

As before, this second ecdysis results in a great increase of 
the size of the head, which broadens considerably, becoming 
squarish, as shown in Plate Izxix., fig./>. The increase in length 
is only a moderate amount, but in breadth it is more than 50 
per cent, of the width at the end of the second instar. The 
labrum broadens with the head, and loses its triangular shape, 
as may be seen by comparing Text-figs. 3 and 5. The antennia 
sometimes become ten-jointed, but I have only been able to 
count nine in several specimens. The labial palps remain five- 
jointed, and there is no change in the shape of mandibles or 
maxillsB. 

Thorax, legs, and abdomen remain of the same shape as in the 
second instar. The pattern varies greatly for different indi¬ 
viduals, some being brown all over, others brown with grey 
pruinescence, and others entirely grey, or almost white, and 
strongly pruinescent all over. The head usually remains a rich 
dark brown; but I have seen specimens with strong pruinescence 
upon the head also. 

During March and April of its second year of existence, the 
larva feeds up rapidly, and many specimens become apparently 
full-fed by the time winter sets in. None, however, attempt to 
spin up, but remain dormant in crevices of the bark until the 
warmer weather of the Spring returns. During this second 
hibernation, great mortality occurs, many larvie being attacked 
by soma obscure fungoid disease, and others apparently dying of 
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cold. Out of thirty larvue brought from Wauchope, N.S.W., in 
February, 1917, I succeeded in rearing only six to maturity. 

Before deficriinng the spinning of the cocoon, we may profit¬ 
ably study, somewhat more inimitely, certain of the larval struc¬ 
tures. as they are to be seen at the end of the tliird instar. 

The Mimdiblea (Text fig.4.«. b) are a pair of huge curved jaws, 
immensely strong, and of a 
rich dark brown colour. 

They are smooth in outline, 
atyd without visible teeth; 
but an examination under a 
higher power will show the 
presence of about six small, 
hackwardly directe<l serra¬ 
tions on the inner edge, close 
up to the tip, as in Text- 
fig 4,6. These undoubtedly 
help in preventing the escape 
of the prey, when once it has 
been pierced by thf58e power¬ 
ful jaws. On the ventral 
side of each mandible, there 
is a very definite groove (j^r) 
which receives the maxilla, 
lying directly below it. The 
length of the mandible is 
2*7 mm. 

Th^ MaxUlm (Text-Ag.4,e) 
are not unlike the mandibles 
in aise and shape, but are 
slenderer, and slightly more 
curved towards the tip. They are entirely devoid of armature, 
except for their very sharp points. Bach maxilla carries a very 
faint groove upon its dorsal surface, a little wider than the groove 

* a, Mandible of larva of third instar; (x 30). 

b, Tip of same, to show the series of fine serratioiw; (x 87). e. Maxilla of 
t; c, oatdo;p, palpiger; ri, stipes; (x80). 
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of the inandihle. Tn the living larva, the maxi'ltie may be seen 
at times playing freely forwards and backwards beneath the 
rnandihles; so that it is evident that they have considerable free¬ 
dom of movement, in spile of >)eing designed to act as a fiair of 
Complete sucking-tulass in conjunction with tliesc latter. 

Whereas the groove in the mandible can he followed with ease 
right up to the tip, that of the maxilla cannot be so followed, 
and is evidently of a much more imperfect nature. Hence the 
complete Bucking-tijl)emust l)e formed at least partly by pressuie 
of the two pail's of jaws, one upon the other, and not by a close 
interlocking of parts. I have fre<juently seen the tips of the 
niaxillo} pushed a considerable distance forwanl beyond the tips 
of the mandibles; this could scarcely happen unless the fit of the 
maxilla upon the ventral surface of the mandible were a some¬ 
what loose one, seeing that the calibre of the groove varies 
greatly from tuise to tip. 

When the maxilla is dissecte^i out, it is seen to be considerably 
swollen near the liase, and to carry, below the swollen part, three 
flat, chitiniseci plates, two of which are broadly triangular, the 
third very narrow. These are placed in the positions of cot'cb, 
$lip€9, and ptiffdgef* of a normal maxilla, and appear to represent 
those three sclerites. As regards the elongated spear that forms 
the principal part of the maxilla, this would appear to be the 
galea. But, unless the transformation of these* parts, from their 
abnormal form in the larva to their normal form in the pupa, 
can be followed out at metamorphosis, in such a way that there 
can be no doubt upon the matter, I do not think that we can be 
sure of their homologies. 

The Lahrum and CVypsus (Text-fig.5). 'Fhese together form 
one piece in the larva, indistinctly divided transversely, as shown 
in the figure. The clypeus is covered with the usual hooked 
hairs, set upon raised papills The labrum is a strongly pro¬ 
jecting curved lobe, carrying only three rather large hooked 
hairs on either side. 

The Labium <Text-fig.6). This consists of an undivided tri¬ 
angular basal portion, from the two anterior angles at which 
project the five-jointed palpi. The batol joint of each palp 
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carries a ftingle hooked hair on itH inner sidoi and there is a 
larger one situated just l)elow it. Five or six smaller hooked 
hairs are situated on either side of the middle lino, upon the 
basal portion of the labium. 

This basal portion of the labium remains undivided through¬ 
out all stages in Paychopaisy and prol>iibly represents both 
inentum and subinentum combined. 




Bady-ArmtUurA (Text-figs. 7, 8), We have already de¬ 
scribed the peculiar hooked hairs^ set upon raised papillas, which 
are found upon the head of the larva. They also occur upon the 
hard tergal plate of the prothorax, which is formed of tough, 
dark brown ohitin, like that of the head. Upon the rest of the 
thorax, and upon the abdomen, these hairs are almost entirely 
replaced by more highly specialised structures, which 1 shall call 
(Greek SoXtx^, long; and drrrrjp, a star). The doli- 
chaster ia a more or less elongated, hollow, chitinous structure, 
set upon a deflnite papilla; it is very narrow at the base, but 
expands distad in narrow pyramidal form, and ends distally in 
from four to nine sharply projecting points, which pass beyond 
the general periphery of the enclosing chitinous membrane. 

* lAbram and olypeus of larva of P«, dtgam (Gn^r.), third instar; (90). 
t lAbiura of larva of Pa tfagaaa ((Mr.), third instar; (x .10;, 
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Viewer! end on, it is more or less star shaped, being in the form 
of a fairly regular polygon with concave sides. Typical doli- 
ohasters are shown in Text-fig. 7, a, 6, and c. These structures 
are very abundant all over the abdomen and thorax, excepting 
upon the hanl tergal plate of the proihorax, on which only an 
occasional one can be seen. 

The dolichaster is clearly u specialisation from a normal hollow 
sensory hair or niacrotrichion. This may be proverl by a study 
of the eighth and ninth segments of the larva. On the ninth 
segment, llie tnacrotrichiu are of normal form. On the eighth, 

there are a few of normal form, 
but most of them are slightly 
thickened and blunted at the tips, 
and a few can be seen leaving the 
projecting distal points or angles 
of the true dolichaster-form. On 
the seventh, the dolichaster-form 
is fully established, but remains 
very elongated, for the roost part. 
On the rest of the abdomen, all stages from a very narrow, 
elongated dolichaster with only four or five rays, to a shorter 
and stouter dolichaster with from seven to nine rays, can be 
easily followed. 

DoHchasters vary from 40 to over lOO/i in length, and from 
about 20 to 30fjL in extreme width distally. 

We may compare the dolichaster with the bulla, such as is 
found in the larva of Micropteryx (Order Lepidoptera). In the 
bulla, the macrotrichial chitin becomes very soft, and the internal 
cavity is enlarged so that the hair expands into the form of a 
soft, swollen bulb. Weak longitudinal supporting rays are, how¬ 
ever, present, as may be seen by a careful examination of the 
bulla under a high power. Moreover, when the bulla is viewed 
end on, it, too, like the dolichaster, exhibits the star-shaped 

* Dolioboftters from integument of larva of Ptt, thga/M (On4r.), third 
instar; (x 330). a, Long, five-rayed formj h, four-rayed form; c, shorter, 
seven-rayed form. Above b and c are shown four exampleB of miorasteri, 
also X 330, 
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distal end, though the periphory of the soft ehitinous hu!h, in this 
case, projects out well l)6yond t)tc outline of the star. Thus the 
bulla is a higlier specialisation from the original macrotrichion 
than is the dolicbastcr, and can he developerf from the latter hy 
further softening of the chitin forming it, and further swelling 
up of the internal cavity. 

The dolichmUr may also Imj compared very closely with a 
typical scah^ such as i.s found upon the lx)dies of Collcinhola, or 
upon the wings of T^epidoptcra. If the dolirhaster were to 
become flattened down upon itself symmetrically from the side, 
it would differ very little from a scale; the longitudinal edges or 
rays would l>ecome tlie longitudinal striie of the scale, and the 
sharp distal points of the dulicliaster would remain as a scries of 
distally projecting angles, such as are very commonly found in a 
large number of Lepidopterous scales, particularly amongst the 
Heteroneura. 

Besides the dolichastors, the body of the larva in PsychopBia 
carries, in a number of places where the chitin is very soft, an 
immense number of minute, star-shaped structures, which I shall 
call fnicrastera (Greek /uurpcv, small; and ufrr>jp) Where they 
occur, they are developed from every single liypoderm-cell in the 
neighbourhood, and are thus many times more numerous than 
the doliohasters of the same region. The inicrastcr is a minute, 
sessile, flattened star, not set upon any definite papilla, and 
raised but little above the general surface of the integument. 
Tezt-fig.7 shows a set of four miorasters with four, five, six, and 
seven rays or points respectively. 

The micrasters vary from 1 to in height, and from 8 to 12/« 
in extreme width. Thus they are always smaller than the basal 
papillie of the dolichasters, which range from 13 to over 20/bt in 
width. 

It can be easily seen that the micraster is simply a specialisa¬ 
tion of the minute microtrichia which occur normally upon many 
parts of the body of an insect, especially in the sutures and 
other places where the chitin is soft, in the form of tiny hooked 
hairs. A search over the larval integument of P$ychnp9iB shows 
that, for the most part, these microtrichia are only feebly de- 



800 BTUDIRS IN AUSTRALIAN MRUBOPTKRA, vii,, 

veloped, as minute proofsses flattened down close to the integu¬ 
ment itself. In other places, they can be seen to be divided 
into two short processes at an obtuse angle to one another. 
From this form, the transition to a four-rayed micraster is quite 
a simple one. As inicmtrichia are developed from every single 
nnspecialised hypodcrm-cell, in the regions in which they occur, 
it follows that the same will be true of the micrasters in any 
given rogioti, as we tind to be the case here. 

Pinaculaf or small plates of hardened brown chi tin, carrying 
one or more hairs or setie, occur upon the meso- and metathorax, 
and also upon the sixth to eighth ab¬ 
dominal segments. Each segment men¬ 
tioned has a single pair of pinaciila placed 
more or less dorso-laterally. 

The simplest pinacula are those of the 
abdomen, of which one is shown in Text- 
fig. 8, together with its corresponding 
spiracle It is a somewhat iri'egular oval 
patch, which carries a single excessively 
elongated and slender hair, quite unlike 
any other hair to be seen in this larva, 
and about one-third of a millimetre long. 
The two pinacula of the eighth segment 
are placed rather close together, on either 
side of the mid-dorsal line. Those of the 
seventh segment are placed further apart. 
Those of the sixth are much smaller, and 
still further apart. Sometimes a vestige 
of a similar pinaculum may be observed 
upon the fifth segment also, in good 
chitin-preparations. 

The pinacula of the meso- and metatfaorax are much larger 
and darker areas, whose position has lieen already indicated in 

* Details from the integument of seventh abdominal segment of larva 
of P». e/«j!KUM(Qu^.), third instar, d, A doliohaster; pn, pinooulum with 
long, slender mocrotriohion; spiracle, in situ; (x W), Three other 
doliobosters surrounding the spiracle ore omitted. 
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cl*<8cribing the colour paltorti on p.793, since they occupy the 
darkish spots there mentioned, and shown in Flute Ixxix , ^^1^5.4, 
5, Each pinaculuni carries from two to four dolicliasters, and a 
single small seta upon a raised papilla. In specially good pre¬ 
parations, I have seen the blind ending of a small trachea upon 
the integument close to the pinaculuni; this would appear to 
indicate the original position of the nieso- or metathoracic 
spiracle, which has evidently become suppressed. 

The Spiracles ,—In all three larval instars, the number of 
functional spiracles is eighteen, viz., a pair upon the prothorax, 
and a pair upon each of the Hrst eight alKlominal segments They 
are all very small, simple openings, the rim of which is slightly 
strangthened and darkened. As far as I can see, they are quite 
devoid of armature or ornamentation of any sort. A single 
trachea, whose calibre is approximately equal to that of the 
spiracle itself, passes inwards from it to the main tracheal trunk 
on each side. The prothoracic spiracles are the largest pair; 
next in size are those of the eighth segment, with those of the 
seventh, sixtl), etc*, in descending order of magnitude up to the 
first. Text>Hg.8y s/)., shows one of the spiracles of the seventh 
segment in nVa, with its corresponding pinaculum (all but one 
of the surrounding dolichosters removed). Owing to the great 
numberof these latter, it is always difficult to locate the spiracles 
in this larva. 

The Anal Papilla (Text<fig.9).—The last two segments of the 
abdomen, viz., the ninth and tenth, are much narrower than the 
rest, and are more or less retractile within the eigiith. They do 
not carry dolichasters, but only very delicate, slender macro- 
trichia erf reduced size. The tenth segment forms the atwl 
papilla or mefar, by means of which the larva is enabled to move 
rapidly backwards, or to hold on tight when attacking its prey. 
This segment is furnished with a pair of dorso-lateral curved 
processes, probably representing the original cerci, and a pair of 
ventral proeefsee^ somewhat oornute in shape, and curving out¬ 
wards to meet the inourving tips of the dorsal processes. These 
latter ace armed with two series of closely set, short, sharp setas, 
one set dirseted outwards and the other inwards, I have found 
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it iiiiposbibld to observe how these organs are used by the larva; 
but the result is eortainly to give it a very powerful grasp upon 
anything that tliey grip, and the whole papilla appears to act as 
forcefully as a true sucker. Whether there is, besides the actual 
grasping effected by these appendages, any sucking action per- 
furiiiecJ by tiie tenth segment, 1 cannot say. Remembering that 
the silk for the cocoon is spun from the anus, it seems possible 
that an exudation of the same nature may help in the action of 
the anal papilla as a grasping or sucking organ. 



Text-fig. 9. 

Anal papilla of larva of /V, rJittjann (iWr.), third instar; ventral view; 

(X 87 ). 

Habits of the Larva. 

In order to discover the larva in its natural haunts, it is 
necessary to provide oneself with a stout, wide-bladed chisel, or 
some other instrument that will act as a lever for removing* the 
Wk of Myrtacoous trees. The ordinary methods of bark-collect¬ 
ing, as practised by (Toleopterists, are useless in this case. All 
old trees, in which the bark is hanging in shreds or long strips, 
or is dry and attacked by white ants, are of no use in searching 
for /'sycAopM larvae. Instead, it is necessary to select healthy, 
medium-aiEed trees, in which the sap is running freely, and in 
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which, consequently, the hark, when torn away, is found to be 
slightly moist inside. 'I'lie best trees are thobo in which the 
l>ark is thick and rough, with many crevices, as in the case of 
the Jronbark {Enealyptus sideroyhloia Henth.) and Bluodwood 
(K. coryvibom 8m.). Frol)ab)y the Jronbark is one of the best 
trees of all for this larva; but it is so difticult to work, on account 
of the extreme toughness of its bark, that it is best to leave it 
alone, unless one sees a piece of liark that can be levered otJ 
without damage to one’s tools. Around Sydney, one of the very 
best trees is the Blood wood; hut in Queensland, whore the l)ark 
of this tree is thinner and more scaly, 1 met with little success 
111 exploring it. Another excellent tree is the Forest Apple 
tnlermeaia DC,), Trees in which the hark comes 
away in long strips of considerable thickness, such as the Tallow- 
wood (E, microcoryB F.v.M.), Turpentine (Syncarpia lauri/olia 
Ten.), and Stringy-bark {K, capitellata Sm.), generally provide 
very good hunting also; but those with thin bark are useless. 

In searching for tiie larva, of which, probably, not more than 
five or six at the most would be found on any given tree, even 
if all the bark were to be stripped from it, much time and trouble 
may be saved if one watches for likely places where the larva 
may be expected to hide. Hucb are, for instance, particularly 
thiolf or riohly creviced portions of liark; and, above all, the 
cracks and crannies surrounding a gum-fiow. Many insects 
come at night to taste tliis gum; and it is to be presumed that 
the pByekapHB larva takes up his station near by, with the special 
object of attacking these insects. On One-Tree Hill, Brisbane, 
I noticed a rather small Ironbark>tree, in which there was a 
good gum^flow, caused by a small cut with an axe. By levering 
up the two tough projecting ends of the bark, above and l)eluw 
this cut, T secured four larvw of P$, eUgana and two of Pa, ca;H- 
eeqrur—the best haul I aver obtained from a single tree. 

When a piece of bark is removed, the Payehopaia larva will 
almost always be found upon the trunk of the tree, with its body 
flattened down, and quite motionless. Thus, the trunk and its 
exposed crevices should be examined first; then, if nothing is 
seen there, the piece of bark may be likewise eumined, and 
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aaineiiiuus yields u larva. Very soon the larva will begin to 
move rapidly backwards, feeling all the time, with its mobile 
anal papilla, for a suitable crevice in which to hide. Tf once it 
succeeds in reaching one, it will not be easy to secure it. Hence 
it should bo picked up at once with the forceps, and transferred 
to a glass-tube, whose open end should be stopped up with cottoii- 
uTool. Not more than one larva must bo put into one tube, 
unless eacb is separated from the next hy a plug of cottim wool; 
for one is sure to attack the other and suck him dry. 

The lar\a may be reared right through, in a single sioal) glass- 
tube. The best food for the earlier stages is white-ants. These 
should be given alive, but with their heads crushed; otherwise 
there will be a fight between the larva and its intended victim, 
in which the tables may be turned. In the second and third 
instars, the larves of the Oodlin Moth make oxoellent food; but 
these also must be offered with their beads crushed, unless one 
is willing to take the risk of damage to tiie PsychopBu larva from 
the strong mandibles of the Codlin grub. Under natural con¬ 
ditions, the p 9 yckopsi 8 larva guards himself from attacks of this 
kind by retreating into a crevice, after he has seized his prey. 
With bis body thus covered, and only his large jaws projecting, 
bo is perfectly safe. But it is different in a glass tube, whore 
the whole of the larva’s soft body is exposed to attack from, the 
jaws of his writhing victim. 

Tlie larvae feed but seldom; each meal, however, is a very sub¬ 
stantial otiu. A larva supplied with a Codlin grub will usually 
attack it at once, advancing cautiously with its jaws wide apart, 
until tliey are well placed on each side of its victim. Then, with 
a sudden vicious snap, the jaws are driven home^ and the victim 
is secured. If the victim struggles furiously, the pK/yeKop^ia 
larva will frequently let go its bold, and retreat into a ooriier, 
witli every sign of fear; nor will it be induced to attack the same 
victim a second time. Generally, however, the larva is able to 
hold on, until the loss of blood occasioned by the wound weakens 
the victim suflSoiently to prevent its struggling further. Then 
the jaws are driven far in, and the play of the maxillm to and 
fro beneath the grooved mandibles sliows that the larva is suok- 
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itig vigorously at its victim. It may take some hours iHffore the 
latter is completely emptied of its juices. By this time, the 
Ptychapsia larva will have swollen out to a very great extent, 
and will frequently be quite torpid, like a snake. After such a 
meal, no food should again be offered for two t»r three weeks. 
Larvie that are overfed usually die from the elTects of it; so that 
it is necessary to keep a strict watch on the fetMling, and only to 
offer food to those that are really in need of it. 

The Coooen. (PUU* Ixxix., fig.H). 

Wlieii tlio larva is full-fed, it tvitiain.s torpid fur a considerable 
period, usually two or three weeks. It then sets about con¬ 
structing its cocoon. First of all, a iiuiul)er of loose and irregular 
threads are spun from the anus, making an irregular mesh work, 
the sixe and appearance of which depends entirely upon the place 
selected for the cocoon. Under natural conditions, the cocoon 
it spun in a crevice of the bark, which is usually barely wide 
enough to contain it. In such a case, the preliminary mesh work 
is reduced to a minimum, and only consists of a slight scaffolding 
or anchorage for the cocoon. But, in such an artificial condition 
as in a glass-tube, the larva may expend a considerable amount 
of skill upon this meshwork, before it is satisfied that conditions 
are satisfactory for the actual building of the cocoon. 

Having selected the exact position for the cocoon, the larva 
next spins a small platform within the meshwork already men¬ 
tioned. Upon this it lies, back downwards, while it weaves 
around itself, with marvellous dexterity, the beautiful spherical 
cocoon. The outer sheath of the cocoon is mostly composed of 
fairly loose and irregular threads; as these are spun in larger 
and larger number, ^e spherical shape of the cocoon begins to 
take shape. Within this loose outer covering, the threads are 
spun wiUi Wonderful accuracy and closeness, so that the larva is 
finally enclosed in a dense white or cream-coloured ball of silk, 
whicl^ when cleared of its outer and looser threads, closely re¬ 
sembles a pearl. As the spinning proceeds, the larva shrinks 
more and more m sise, and becomes doubled right over upon 
itself. When the cocoon is flDislicd, it becomes almost impossiblu 
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to conceive how so large a larva could have managed to encase 
itself in it. 

As regards the actual rnude of spinning the thread, the mobility 
of the anal papilla is very marvellous. Lying ij|>oii its back, the 
larva can protrude this |>apilla to a great distance, and spin silk 
all round itself, even behind its head and thorax, with very little 
effort. Most of the threads, however, are spun transversely 
across the larva, beginning with a small arc at the anal end, 
then swinging out into a longer arc across the middle of the 
abdomen, and finally making shorter arcs behind the back of the 
thorax. All tlieso transverse strands appear to lie carefully con¬ 
nected, on both sides, with the small platform alreafly mentioned, 
which itself is made to form a part of outermost coat of the 
cocoon. When the first complete layer of the sphere is finished, 
the larva has its head bent over so as almost to touch the tip of 
its abdomen; but tlie mobility of the anal papilla appears to be 
but little decreased in this position. Tn spinning tlio inner layers 
of the cocoon, the larva changes its position every now and 
then, so tiiat the anal papilla may cover all parts of the sphere 
with an equally thick layer of silk. 

As found under natural conditions, the cocoon is an oblate 
splieroid, with the two poles in contact with the sides of the 
crevice in which it is placed, and the larva lying so that its 
sagittal section is in the equatorial plane of the spheroid When 
spun, however, in an open tulie, the cocoon is practically a spltere. 
It closely resembles the cocoon of a Uhrysopid, particularly that 
of the genus Noihochryia^ from which it would not be^ possible 
to distinguish it for certain. But, unlike most of the 
Paychopiu does not attempt to spin any external matter into 
the outer mesh of the cocoon. Buch a proceeding is, of course, 
unnecessary, considering the ))osition in which it is placed. The 
diameter of tlie cocoon varies with the sise of the larva, but is 
usually about 5 rnin. (Plate Ixxix., fig.6). 

The Papa. (Plate Ixxix., fig.7; Text‘fig.lO). 

As far as the external form is concerned, tlie true metamor- 
phosis is that between larva and pupa. The latter is a pupa 
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libera^ closely resetubliug the in overytliiiij;; except its 

uiiexpanded wings (Plato Ixxix., fig.7). At the irietaniorphosis, 
Uie pupa experiences a great difticulty in casting ofT the hard 
larval head, and a nuinlxir perish from inability to do so. The 
rest of the larval skin is soft, and shrivels up into a minute muss 
within tlie cocoon; the head may be found sometimes almost 
intact, sometimes with the mandibles and maxi I lie broken off 
from it. The splitting of the head is mid-dorsally and postcro- 
transversely, as in the other larval eedysos (Text fig.3) 

Tile change from larva to pupa doi>R not take place until a 
considerable time after the spinning of the coroon, generally 
from a fortnight to tliroc weeks. At first, the fresh pupa is 
almost colourless, the body having a slight greenish tinge, the 
head and wings cream-coloured. The compound eyes are large, 
and soon become dark brown and functional. If the cocoon be 
iDpened, the pupa watches every movement with anxiety, and 
con be made to turn round and round, merely by the movement 
of a pin held at a short distance in front of the head. 

The anUnnm are fairly short (Plate Ixxix., fig.7), but are com¬ 
posed of a large number of joints, there being thirty-five in the 
pupa which I dissected. Each joint is less tlian half as long as 
wide, except only the first throe; of these, the basal joint is 
stouter than the i^st. Unlike those of the imago, the anteniue 
in the pupa are devoid of hairs. 

The mouth-parts are of considerable interost (Text-fig. 10;. The 
Mrum is distinctly bifid, and carries numerous hairs on small 
raised bases. Below the labrum, on eitlior side, are the large 
and very strongly ohitinised mandibUs, Each of these consists 
definitely of two lobes, separated by a narrow slit. The outer 
or distal lobe has a sharply pointed, tooth-like apex, and, below 
it^ a more or less brood and flat cutting-area, forming a right- 
angled projection. The inner or basal lobe is rounded, and much 
less prominent. The two mandibles are not similar in shape. 
The right mandible has the smaller basal lobe, but the broader 
And flatter cutting-surface; whereas the left mandible bos the 
eutting-area narrower, and the apical tooth raised'above it on a 
high ridge. Thus, in the action of cutting open tlie cocoon, for 
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which thebc Htron^ mandibles are employed, it is evident that 
bhc a|)ex of the right mandible plays in and out of the groove 
Eorined be*tween the apical ridge <»f the loft inaudible and the 



Text-tig. 10. 

Moutli-parU uf pupa of Pn, eltifam ((tu^*r.). », Lahriim (/6i*) aial man- 
dihle8(/nd). Right maxilla ami labium; cd oardu, ga galea, la 
laoinia. Ip labial palp, mf median lobe of labium, mjep maxillary palp, 
9 i stipes; (x 48). 

rectangular shelf below it. This is also proved by the fact that 
the cuttiiig-vdge of the distal lobe of the right mandible is very 
abarpi whereas that of the left mandible is thicker and blunter, 
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and is evidently formed more an a pad or receptacle, against 
which the right mandible can work 

The maa^ilhr and lahinm lesetnble those of the imago fairly 
closely, hut are broader and softer, as if the parts were all 
swathed in whitish bandages. The principal differences are that 
the galea of the maxilla is a broad rounded lol)e without a small 
distal joint, and the median lobe of the labium is simply bifid, 
instead of being formed as in the imago. 

After about a week, the iniaginal colours liegin to appear upon 
the body and wings of the pupa. Before emergence, the whole 
beautiful pattern of the wing colouration becomes set forth upon 
the wings of the pupa. It was by this means that I was able to 
recognise the pupa of Ps. cmliva^ug^ with its intensely black wings, 
in spite of the fact that it failed] to complete its emergence, 
after escaping from its cocoon. 

Bmevgenoa of the Inigo. (Text fig.n). 

The pupa emerges from the cocoon by cutting it neatly open 
with its sharp mandibles, whose scissordike action is specially 
adapted to this purpose. About one-fourth of the circumference 
is left uncut, forming a strong hinge. The pupa pushes up the 
lid of the cocoon, and climbs out. 

On Dec. 1st, 1915, at 5.30 p.m., T noticed a pupa emerging 
from its cocoon, which was placed upon some sand in a glass-jar. 
The pupa crawled along the sand to a strip of blotting-paper, 
placed nearly vertically, near by. Up this it climbed to a height 
of about one and a half inohes, and then took a firm grip of the 
Uotting-paper with its claws, and remained resting for a few 
minutes. During this time, it gradually swelled up and became 
very taut^ ss shown in Text-fig.ll, a. At 5.37 p.m., it began to 
work its abdomen and wing-sheaths about; so that, in a few 
seconds^ die fine pupal skin split dorsally down the thorax, the 
abdomen became straightened out, and the imago began to 
emerge from the pupal skin. During emergence, the wings begin 
to expand at onoe, the insect arching them strongly outwards, as 
may be seen in TextAg.l 1, c, rf. The basal portions of the wings 
bsgia to enlarge before the apical portions are freed from the 
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pupal wing-sheaths. (^>nMtH}iiently, as in the case of the Stone- 
flies or Perl aria, the wings, when Anally withdrawn, have the 
distal portion l>ent at an angle to the basal portion, as shown 
in Text-flg.l I, Tliis applies more to tiie forewdng tliaii tf) the 
hind, which luvonifs freed with less difliculty. 



Text*fig.]l« 

Emergence of the imago of Ph, tlegam (Gu^r.)* o, Papa just before meta- 
morphosia, 5.36 p.m. 5, Imago emerging, 5.40 p.ni. e, Imago freed 
from pupal skin, 5 42 p.m. d, Imago expanding its winga, 5.47 p.m. 
c, The same at 5.4dp. m. /• Imago resting with wings fully expanded’, 
6.8 p.m. (Drawn from sketches made while watching the actual 
emergence on Deo. 1st, 1915; d. dorsal view, the rest lateral). 

As soon as the imago was quite free, it climbed upwards 
further away from the pupal skin, the latter being left clinging 
to the blotting-paper, as shown in Text-flg.l 1, c. Having taken 
Dp a position well above the pupal skin, the imago remained 
stationary with its wings arched strongly outwards, the forewing 
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At first completely hiding the hindwing. While the hasal Imlf 
of the forewing expanded rapidly, the distal half i*ernained bent 
under it for some time. Meanwhile, the hind wings expanded 
rapidly, and their apical portions appeared Ixsnoath the still 
bent forewings, as seen in Text fig. 11, d. Next, the distal por¬ 
tions of the fore wings beeaine straightened out, though at first 
they remained full of longitudinal rucks, as seen in Textdig.l 1, 
The wings were held well away from tlie ulKlomen up to 5.49 
p.in., by which time they were about three*fourths expanded. 
Then the apical rucks became rapidly smoothed out, and the 
wings were arched forwanis, forming a stoop roof over the lx>dy, 
so that the costal margins of the forewings come almost into 
contact with the blotting-paper (Text fig. 11,/). From tlio time 
of leaving tlie cocoon to the time that the wings were fully ex¬ 
panded, only thirty eight minutes elapserl. After resting for 
sumo time in the position shown in Text-fig. 11,/, until its wings 
were sufficiently hardened, the imago spread them out in the 
broad, flattened, rooMike manner usually adopted in this family. 

The pupal skin left behind is a flimsy, white structure, it is 
very difllcult to detach from its position. But, when once this 
has been done, the slightest breath of air causes it to move 
readily, so light and delicate is its construction. The thorax 
and base of the abdomen are flattened, and wide open dorsally. 
From the prothoracic spiracles, two long threads stand up; these 
are the intima of the tracheal trunks, withdrawn through these 
spiracles when the imago emerges. The back of the head is split 
open, and the large dark brown pupal mandibles are left gaping 
wide apart. 

The Imago. (Text-fig. 12). 

A few details about the imago which have not been published 
may suitably lie given here. 

The mouth-parts are figured in Text-fig. 12. Hhelabrnm re¬ 
sembles that of the pupa, but is not definitely bifid, there being 
only a very slight indication of the division into two distinct 
lobes. It carries numerous hairs, not set upon raised bases. 

Tile mandH^a are smaller and weaker than in the pupa, and 
show Qonsiderable tnodifleation in shape. The right mandible 
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in the imago has only a single lobe, with a leas prominent apical 
tooth and a broader cutting-blade. The left mandible, on the 
other hand, is still btlobed, the basal lobe being rounded as in 
the pupa, but thoclistal lobe forming a single strongly projecting 



Text-fig. 13. 

Mouth-parts of imago of /V afeffa/u (QuAr ,), 9. a, Labram and mandibles. 
ft, Left maxilla and Ubiuini Ap hypopKarynx; rest of lettering aa in 
Text-fig. IU;(K 48). 

tooth, whose internal border is definitely hollowed out. Thus, 
in the imago, the cutting-edge of the right mandible works into 
the groove of tlie left in a very simple manner. These mandihles 
may possibly be used for feeding upon gum-eaudfitions. In cap- 
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tivity, tho insects fee<l willingly upon sugar moistened with water 
and spread upon cottun-wool, using their mandibles to chew the 
sticky crystals. 

The mnodllfr are of u very generalised typo, with t*oinpleto and 
separate galea and locinia, and ait elongated, five-jointed palp 
The stipes is long, tho cardo very short. The lacinia arises from 
a broad oblique base, in the form of a simple elongated lobe with 
rounded apex, and carrying iiuiimrous hairs The galea is 
remarkable in being set well above the laeiniii, upon a short 
transverse base formed as a definite projection from the stipes, 
and also in carrying a small but very definite distal joint. The 
basal joint is somewhat club-shaped, and carries numerous hairs 
upon its distal half. Ft is possible that the existence of a distal 
joint is an archaic feature, and that it may pm\e to be of import¬ 
ance in the study of the Phylogeny of the Holfuiictiibola. 

The maxillary palp is carried, in the position of rest, with its 
distal joint turned inwards almost at right angles to the other 
four, as shown in Text-fig. 12, b. The Hrst and second joints are 
short, the third twice as long as tho second, the fourth shorter 
than the third, &nd the distal joint longer than any, with a 
somewhat pointed tip. 

The labium is in the form of a broadly rounded median lobe, 
on each side of which there is a narrower Jolie, also i*ounded, hut 
folded over above the median lobe, between it and the hypo- 
pharynx. The median lobe carries hairs on either side, distally; 
the two lateral lobes carry numerous hairs upon their upper 
surfaces. The palps, which arise low down towaixls the base of 
the median lobe, are three-jointed, the basal joint being tho 
shortest, and the distal the longest; each joint carries a few hairs. 

In the natural position, if the mouth be opened, there will he 
seen abroad sub-triangular lobe projecting outwards and slightly 
upwards above the labium. This is the hypopharynx (Text-flg. 
12,^). Its distal border is well rounded, rather strongly 
ohitinised, and curved over; it carries no hairs. 

Bearing in mind the fact that the PBychopiidm are the most 
ancient of existing Planipennia, as far as the Falieontologica) 
record of this Order is known, it would seem that much valuable 


68 
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evidence should be obtainable when a careful comparison can be 
made between the mout)>*partB here described and those found 
in other families of the Order. This research, I hope to carry 
out later on. 

Habits of the Imago. 

During the day-time, tlie imagines rest concealed and motion¬ 
less, either upon the underside of a leaf, or hidden away in d^brii 
of dead leaves and sticks. Hence they arc seldom raptured, 
though (M^casioiially one may lie taken by Ijeating. 

At night time, they become comparatively lively. Pb. eUyaiiB, 
kept in a large glass-jar, was watched by me for several nights 
from 8 to 10 p.m. During this time, it fluttered about the jar, 
visited the moist sugar supplied as f<KHl for it, and fed upon it 
for periods up to half-an-hour in duration. The third night, 
after all the insects had fed, I was fortunate enough to see the 
process of pairing. The female took up a position upon a strip 
of bark, resting with her wings in the usual position, but con¬ 
tinually vibrating them* A male, after several short flights, 
at last alighted upon the same piece of bark, lower down, and 
began to climb up towards the female, also vibrating his wings. 
At last he arrived alongside her, on her right side. The female 
then raised her right pair of wings, and the male moved in 
towards her from the side, so that the abdomens of the two 
insects were almost parallel, and the right pair of wings of the 
female covered the left side of the male. In this position they 
remained for pairing, occasionally vibrating their wings. It 
was not easy to make out exactly how copulation was effected; 
but it appeared that the male bent the tip of his abdomen round 
towards the female, and seized her with his anal appendages, at 
the same time pulling the tip of her abdomen partly round 
towards him. Thus they remained for some twenty minutes, 
until a second male came and alighted close to them, and began 
to flutter around and over them. 

The female apparently did not lay any eggs until some time 
after pairing, as I searched the jar the following morning and 
found none. However, during the next few days, she deposited 
eggs singly, and at long intervals of time apart, in the cotton- 
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wool which I had supplied for that purpose. She also explored 
the liark, but found it for the most part unsuitable, laying only 
one egg there, as against eleven laid on the cotton-wool. The 
two eggs shown in Toxt-flg.1 were laid close together as drawn, 
but all the rest were quite separate. This female may, of course, 
have laid other eggs which I failed to find. T should say that a 
single female must contain at least fifty eggs;* but it is possible 
that they would not usually all lie laid after a single (lairiiig. 

The males were kept alive for periods varying from ten days 
to three weeks. The females live longer, and one was kept alive 
for over a month, by which time her wings were crmsiderably 
torn. The only nourishment given, during all this time, was 
sugar and water, which 1 find suiiicient for must Planipcunia 
and Mecoptera. A very slight degree of inoisturo is required in 
the jar. Either excess of moisture, or exposure to a hot drying 
wind, is equally injurious to these insects The same may be 
said of all Planipennia, although the Myrmehoutidin and AiCtda- 
phidoi can stand greater heat and desiccation than any of the 
others. 

The Eoonomlo Value of the Psyehopsldn. 

There is no Order of Insects, with the exception of the 
Hymeuoptera, whose members are so generally beneficial to man¬ 
kind as the Planipennia. It seems, therefore, of considerable 
importance that we should now attempt to estimate the value of 
the Piye)Mp$iike in this respect. 

From the account of the life-history here given, it will be seen 
at once that these insects are entirely beneficial to man through¬ 
out their whole life. The preference shown by the larva for 
feeding upon such obnoxious insects as the larvoe of Codlin 
Moth, and other of the smaller Lepidoptera, at once establishes 
it as poUfUiaUy a very useful factor in the checking of insect- 
pests. Hence, if colonies of Pnychopsiit could be established in 
our apple-, pear-, and quinoe-orohards, there is no doubt that 
they would help very materially in checking the Codlin Moth 
and other Lepidopteroup pests that still do so much damage 
therein. 

* Mr. Oallard'i original female laid over fifty eggs. See p.7fi7* 



816 


STUDIRS IN AUSTRALIAN NKUROPTERA^ vU., 


In attempting to estimate the practicability of such a sugges¬ 
tion, we have to bear in mind certain factors that musti at the 
best, very much limit the eilicacy of tlie P»ychop$idm ; — 

(1) Although A single larva of during its life, 

would most certainly consume a considerable nunilier of Codlin 
Moth larviB, yet the value of this is much discounted by the 
long life of the larva, which takes up the best part of two years. 
The economic value of this insect would lie many times enhanced 
if it wore able to pass through till three lArvgl stages in a few 
weeks, as is the case with the Ch'yHopida* atid llemerobiidfr. 

(3) The larva requires roiigh-lMirked trees to live in. Thus it 
would seem that it could only lie successfully introduced into 
orchards in which the trees were of considerable age. Huch trees 
would probably afford the miuisito amount of shelter to the 
larva, which would certainly take heavy toll of any other insects 
that attempted to hide away in the crannies and crevices of the 
bark. 

(3) As an archaic survival of a very old stock, the P^ychopsidm 
could scarcely be expected to show that readiness to adapt them¬ 
selves to new conditions, that is to be found, tor instance, in the 
more specialised Chrynopidir and UemerobiiduB, Many of our 
Australian species of these two families have readily established 
themselves in our orohanis and gardens, without any attempt on 
the part of entomologists to place them there; and are already 
acting very effectively as checks upon Aphidu and Hcale Insects. 
So far, no similar tendency has lieen noted in the Ptychapuidm) 
unless, indeed, the apparent increase in the numbers of P$, 
ffwofon# in such districts as Killorney and Mount Tambourine, 
in South Queensland, where orchards are rapidly replacing the 
original bush, is an indication that this species is beginning to 
accommodate itself to new conditions. It would be natural to 
suppose that insects which, in a state of nature, are so rare as 
the would not take kindly to a change of environ¬ 

ment which man might attempt to force upon them. Thus, if a 
selected orchard of old trees were to be well stocked with P^- 
eAcpns-larvte, one would anticipate that the resulting imagines, 
after pairing, would return to the nearest pieoe of untouched 
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buRh, And lay their eggs, as usual, on the bark of Myrtaceous 
trees. 

(4) The apparent association of the PaychapBidfn with trees 
belonging to the Natural Order Myrtaoeto must be considered as 
a disadvantage, if it is actually a fact. Hut, so far, we do not 
know the life-histories of most of fhe pByrJi4)p8id<t\ and it may 
well lie that tliis supposed limiUttion does nut hold for most of 
the species^ Moreover, it is noteworthy that, although /*«. 
insolem is our coininoncst species, no larva of this insect has yet 
l>cen found under Eucalyptus-bark. If the life history of this 
species can be worked out, it seems proliable that it might prove 
to be of considerable value as a bciieHcial insect in checking 
orchard-pests.^ 

(5) The small number of eggs laid by the females is a distinct 
disadvantage economically. Against this, however, wc may 
place the fact that the females live a long time, and deposit their 
eggs singly in many different places, instead of all in a lump. 
Thus the maxiiuuin effect is produced for the small number of 
larvtt iiatched, and tliu danger of a quick reduction through 
cannibalism is eliminated. 

Taking all these factors into consideration, I have come to 
the conclusion that, altliough the pHychopidm do not offer us the 
promise of such immediately beneficial results as could be ob¬ 
tained by a scientific breeding and distribution of Chrynopido^ 
or llemBrohxidm^ yet they are a group that most certainly ought 
nut to be neglected by economic entoinologiNts. A few carefully 
devised experiments upon old and liadly infected orchards, either 
with the larvce of Pu. s/sj/uns, or with those of Pb, tfMo/sns, if 
they can be obtained by pairing the imagines, should be well 
worth carrying out, and might conceivably yield results much 
superior to the expectations that I have liero indicated. There 
is also the possibility that these insects, like so many other Aus¬ 
tralian animals, would do exceptionally well in some new region, 

* Ptychoptidifv^^ ooom- also in Africa and Asia, but nothing is known of 
their Ufo-hutoriee in these regions. Large, rough-barked Myrtaceous 
trees, like the Kuoafypts, being absent from these regions, it is evident 
that they must be associated with trees of other Ordere. 
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such as California or South Africa As they are entirely bene¬ 
ficial, I would call the attention of entrjinologists to their possible 
value in this respect; particularly as there would not be the 
slightest difficulty in sending tho larvie to any part of the world, 
since they are very hardy, and will go without food for several 
weeks at a time. 

KXrLANATION OF PLATE LXXIX. 

Pnyi'hofiHiH thgam ((Tiii'r,). 

(x7). 

Fjg.2.—Newly lialehei! larva; (x7). 

Fia.3.—The wanie larva at cud of first iristar; (x 7). 

Fig.4.—The siijiie lai va, at end of Hcoom] instar; ( x 7). 

Fig..}. —'I'he name larva, at end of thinl iristar; full-fed; (x 7). 

Fig.6.—(Wai; ( x4). 

Fig.7.^Puf>a, ten days oltl, extracted from ooooon; (x 7). 
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AUSTRALIAN MK(3ALOFrEHA OR ALDEH-FLTES, 
With T)KSCKimoN8 ok nkw Genkra and Shkoibs. 

Rv R. J. Tillyaro, M.A., D.Sc., F.L.S., F.E.S., Linnean 
Macleat Fellow ok the Society in Zoology 

(With throo Toxt-figuros.) 

The Megaloptera are an archaic Order of Holoinetal^olous 
Insects, which contains, at the present day, only about one 
hundred known species, all of them of large or moderate size. 
The Order is divisible into two very distinct Sub orders, vir., 
the Sialoidea, or true Alder-flies, and the Raphidioidea, or Snake- 
flies. Of these, the aquatic Sialoidea are clearly the more archaic, 
the terrestrial Raphidioidea being a highly specialised offshoot 
from them. 

The Raphidioidea are not represented in Australia, their place 
in the economy of Nature being already occupied by the older 
of the Order Platiipotinia, whoso larvee, thougli 
differing in the nature of their mouth-parts, live, like those of 
the Snake-flies, in crevices of the Imrk of trees, and prey upon 
the insects frequenting them 

The Sialoidea, or true Alder-flies, are represented by some 
sixty species throughout the world. They may conveniently be 
divided into two very distinct families, according to the follow¬ 
ing key: — 

'Large inaeoU (expanse 45 to lOOtnni.^ with tlmie ocelli prcBoiit; 
fourth joint of tarsus not bilolMxl; venation regular, with 
cross-veins weakly formerl. T^arvic with eiglit pairs of lateral 
gills and a pair of hooked anal prolegs, hut without any ter¬ 
minal filament ... COBTDALIDAS. 

I Much smaller insects (expanse l20 to 40mm.), without ocelli; 
fourth joint of tarsus strongly bilobed; venation less regular, 
with strongly developed cross-veins. Larvio wiUi only seven 
pairs of lateral gills and a terminal filament, but without 
any anal prolegs . 8iauoa\ 
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Of these two fainilios, the Cotydalidtp.^ containing the great 
majority of tlic genera and s{)eciG8 of the Sub-order, may be 
again divided into two subfaitiilies, as follows:— 

^Murc thiiu tlii'ce cn>hH-veinH belwcen H and Rh; headquad- 

ran>{tiliii‘. . Corvoalinm.. 

Only three (KiHR-vehis t>ctweeii R and Rh; head tiiangular . ... 

. ClIAUUOUIN V. 

V 

Up to the present, only one species of Alder-tly has lieeii re¬ 
corded from Australia, viz., ifrcAtcAau/tocfss (Walker). 

It is a largo, dull coloured insect, recorded occasionally from 
many localities in Eastern Australia, but nowhere very common. 
Both in size and markings, it is very variable, some individuals 
having large black spots on the wings (especially on the hind- 
wings) and others having none at all. The larva is a familiar 
object to naturalists in the Bydiicy district, being found under 
rocks and stones in small rocky creeks. In New Zealand, the 
allied species A (Walker), is very abundant, and its 

larva is much esteemed as bait for trout, being known as the 
** Black CrecpciV* a name tliat would suit the larva of the Aus¬ 
tralian species eijually well 

Turning now to the smaller family Sialida^ of which no repre¬ 
sentatives have hitherto been found in Australia or New Zealand, 
we find that, of the two known genera, SuiUb is Holarctic, reach¬ 
ing from CaiKula through Europe and Siberia to Japan, and 
down into Asia Minor; while Protosialu is confined to the New 
World, one species being found as far south os Chili. 

It would thus appear that, as the Sialid<» do not occur in the 
Oriental region, there is no possibility of their over having 
reached Australia from the North. But, in so far as they are 
admittedly archaic forms, and one species is recorded from Chili, 
it has to bo admitted that there is a bare possibility of their 
having been able to reach Australia from the South, provided 
that we admit the truth of the Antarctic Theory so ably cham¬ 
pioned by Mr. Hodley. 

That being so, I have always kept in mind the possibility of 
a true Sialid being discovered in Tasmania, or on some isolated 
mountain-top in Eastern Australia. I now have the pleasure <A 
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recording the discovery of two very distinct new species of this 
family, each of which will form the typo of a now genus. The 
first of these was taken hy Mr. Q. H. Hardy, late of the Tas¬ 
manian Museum, Hobart, during a visit to Maria island in 
December, 1915. Only a single specimen was taken; but iC is 
ill good condition, except for the loss of the antennie. The 
necond is a remarkable slender form, tak^^n at light in Deceuiher, 
1916, on Mount TamlKiurine, South Queensland (elevation 1900 
feet) by Mr. W. H Davidson. Not realising what a prize he 
had got, Mr. Davidson unfortunately enclosed this spociineii in 
an envelope with a letter tome; witli the result that, when 1 
received it, the insect was completely flattoneil out, and other¬ 
wise damaged. However, I managed to relax and set it, though 
the pin had to he inserted through the thorax from side to side, 
the wings being extended at right angles to the flattened thorax. 

I have delayed publishing these fine discoveries, in the hope 
that further material iiughi Ije obtained in better condition. 
Mr. Hardy again visited Maria Island last year, but lie failed to 
find any further specimens of the new Sialid, likewise Mr. 
Davidson, who has kept a sharp look-out for his new species, has 
met with no fiirtlier success. As the new insects are of great 
scieutiHc interest, further delay is no longer justifieil. 

The following key will enable the two now genera to be dis 
tiuguished from each other and from the two gem^ra already 
described, at a glance: - 

/’Wings about one-third as brood oh long, tlio cohUI Hclil ul the 


I furewitig noticeably bruiuleneil . 2. 

^ ' I Wings much iiannwer, tJie costal Held of the fuiewing not 
\ noticeably btoodeued. 3. 

I’Hindwiiig witli Mi.{.2 and Mjif4 both Hiiiiple veins. Stafin Lair. 

^ Hindwing with Mi^t forked, M3 ^ 4 simple.n.g. 

Both wings with Rs+a and Ri+ft both forked . StenosiahA, n.g. 

Both wings with Re+s simple, and R4^ ii forked ... PrafovUtlta Weele. 


Atjbtrobialcb, n.g. (Text figs. 1-2). 

Closely related to SialiB Latr. General colouration black, 
with orange-red prothorax and smoky wings. Forewiiig with 
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about ton voinlots in costal space, hind wing with about six. In 
forowing, (luj unites with M for a space, the short iMSal free 
portion of Cu, resembling an oblique cross-vein. The fused por¬ 
tion, M + Cuj, is continued by Cu^ itself as a stout vein in line 
with it, whereas M departs from it anteriorly at a sharp angle. 
In himlwing, Cu remains quite distinct from M, In fora wing, 
the full complement of hninchos is present for Ixith Ks and M; 
in hindwing, there is one less for M, M 314 remaining uuhranched. 
Neither R, nor is secondarily forked, as is the case with one 
or both in 

Genotype, AuAtrosialu tijmcolha^ n sp. 

llah. -Tasmania. 



Tv\UBg, 1. 

WitigH AmirOfimlU itjakdiin, n.g. et Hp, In furewtng, M+CU| is the 
fused portion of M and ('uj. Heet of notation oh usual in the 
(Joinstixsk'Needhain Hystein. The small forking distnlly on K4 does 
not ooour on the left forewiiig. (Hindwiiig 12 mm. lung). 

The black and orange colouration is also that of Protonialu^ 
to which the Chilian species belongs. It is also interesting to 
note that, in the number of its branches to Rs and M, the new 
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genus offers an exact parallel to the oldest Trichoptera, in which 
Ms+i is always a simple vein in the hiiidwing. 

Ambtrosialis ionicolms, n sp. (Text-figs. 1-2). 

Total lemjih^ 8 min.; abdomen^ \ mtn.; forewtng^ 14 mm.; hind¬ 
wing ^ 12 mm.; expanse^ 28*5 mm. 

Head shining black, smooth anteriorly, with a shallow mid- 
dorsal depression; the large occipital 
region curiously sculptured, with raised 
longitudinal and circular areas, ar¬ 
ranged as shown in Tcxt-flg.2. An- 
ten'iim with large, stout basal joint, 
black , the rest missing. MandihUi 
black, tipped with orange-red 

Thorax: prolhordx bright orange- 
red, flattened cylindrical in shape, with 
slightly indicated mid dorsal groove; 
less than half as long as wide, the 
width being slightly less than that of 
the occiput. Pterothorax jet black. 

Legs black, of medium length and slenderness. 

Abdomen [shrivelled] dull blackish. 

Type, in Coll Tillyard. 

ifoi.—Maria Island, East Coast of Tasmania. A unique 
specimen, probably a female, taken on Doc. 29th, 1915, by Mr. 
G. H. Hardy. 

Stbnosialis, n.g. (Tezt-fig.3). 

Closely related to Proioeialis Weele. General colouration 
brown, with pale smoky4>ruwn wings, Forewing with narrow 
oostal space containing only four veinlets, the hindwing with 
only two. The arrangement of the veins M and Cu is the same 
as described for Auetroeialis alnive, and the number of branches 
for the veins Rs and M is the same as in that genus. Thecross- 

* Hftad and piothorax of AwtromliH igtikoUw^ n.g. et ap., to show 
sculpture of the occiput; the light arranged so as to fall nearly hurison- 
tal1y;(xl5). 
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vein lietwoen Hs 13 and K 4 ^ 3 is exueptionaily oblique in direction. 

Genotype, Steuosialia auatraliensiaf n.sp. 

I/ab South Queensland. 

As with AuatroaialUf su with tliis genus; the arrangement of 
the branches of Us and M currespondB exactly with that of the 
oldest Triclioptera, M 344 being branched in the forewing, but 
simple in the hind. One is tempted to ask, is this merely the 
result of a chance convergence, or does it indicate a closer rela¬ 
tionship between the two Orders Megaloptera and Trichoptera 
than has hitherto lieen suspected 1 



Test-ti«. 3 . 

Witiga of n.g. et np. NoUitiim aa in Text-fig. 1 . 

(The wings of the type specimen being ooiiHiderubly turn, the figure 
was completed by comhiniiig portions of both right and left pairs of 
wings). (Hindwing 10 mill. long). 

Stknosialis AUsTRAijfiNsis, n.sp. (Toxt-fig.3}. 

7'otal lentjikf b uim.; tAdomen, imm.; foranring^ 11*5 mm. 
Atndwtn^, 10 mm.; expansa^ 26 mm. 

Head brownish, a darker area posteriorly on occiput, isolat¬ 
ing several paler raised circular areas placed close together on 
either side of the mid-dfu-sal depression. Eyaa dark brown. 
AnUmnm dark brown, the basal joint large and stout, the second 
joint small; the rest missing. 
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Thorax dark brown. Pro/Aorox apparently slightly wider 
than occiput. Le^s brown. [I'oo crushed for accurate descrip¬ 
tion]. 

Abdomen [shrivelled] blackish busally, shading to brow*n 

anally. 

Type, in Coll. Tillyard. 

Hai ,—Mount Tainlwurine, Houth (.Queensland (1900 feet). A 
unique specimen, probably a female, laken on Dec. 17th, at 
light, by Mr. W, H. Davidson. 

In concluding this paper, I desire to record my grateful 
thanks to Mr. Hardy and Mr Daviilson for these two fine 
species, and to congratulate them on tlieir discoveries. 'I'he 
knowledge that, in this Order, archaic forms of great scientific 
value are still to be found in isolated places in Australia, sliould 
Stir up other entomologists to look out for these insects, which 
are easily caught an«i recognised. 
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C'ONTRTBUTrONS TO A KNOWT.EIKJK OF AUSTRA¬ 
LIAN CULWIDJl No. 

Ry Frank 11. Taylor, K.E.S. 

(From the Amtralinn Imtitnte of Tropica! Medicine^ TomyisvUh) 
(Plfttes }xxx.-lxxxiii.) 

Tills paper may be divided into two parts, synonyinical and 
descriptive, with notes on previously described species. 

Two species described by me from the Northern Territory 
belong to species recorded from extra-Australian localities; 
their distribution is noted in the text. The Australian AnophtltB 
are also tabulated. It will l>e seen that very few of the Ano- 
pheline genera are recognised, and those only as subgenora, 
except in the case of BironeUa, 

The new species are distributed in the following genera: — 
Psendoakusea (one), Mimeteomyia (two), CuHcadn (one), Lopho- 
ceratomyia (one), l/ranot(9;nia (four), and JJodgeaia (one). 

The type-specimens are contained in the Institute Collection, 

The following tabulation of the Australian Awphelen is given 
in the hope that it may prove useful in the determination of the 
species in question. 

Anophalta corethroidea^ A, atigmaiicm^ and B. proctfts have 
been tabulated from descriptions only, as the Institute does not 
possess specimens of them. A, p%mctulatua Donitz, is omitted 
from the Table, as it is unknown to me either from specimens or 
description. 

It will be seen that all the species, except B, yracilia^ are 
placed in the genus AnophaUa. This is best explained by re¬ 
ferring the reader to a paper by A. Alcock,t which deals with 
the ^^Classification of the Culicidie,” and with which the writer 


Ooutinued from these Proceedings, 1010, p.074. 
t Ann. Mag. Nat. Hist., (8), viii., p.240 (1911), 
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entirely agrees, br U»e genera cannot, in some cases, i>e regarded 
oven as subgenera; while, in others, they form convenient sub^ 
generic or grotip nanies. 

Alcock* retains the following as siibgenera: AnophileB 
Myzorhynckus^ Myzomyia^ and Nyanorhynchns. T w'OuJd add to 
these the genus liirouelfn^ as \alid on \eniitional characters—if 
it really be an Anaphefine, Theobald, himself, throws doubt on 
its systematic position. 

AmU'HKLKM. 

A. Wings spotted. 

i. I^gH unliaiided. 

a. Wings with the tliinl, fmitth, fifth, and sivllt long veiiis 

l>ro\iii and white-scalfs! No costal spots . ahnhjteH Hkww, 
6. Wings with one fringe-spot .. harfttmttfri'* y d Wnlp, 

W<. WiiigH with seveial fi iiigc-spiits htn funmft tft \ ai, hatn't o/?f (lilcs. 

ii. Legs liaiuhnl. 

<c. Wings with iiunioroits light and daik spots 
0»8ta with six spots. 

Femora and tiln.e with niitneioiis pale hamls, tai^tals l-t 

with apical and liasal iiandiiig. iinmtftjttM Walker. 

U* Wings unspotted, 
i. Legs unlianded. 

a. Thorax with long, ourve<l, hair-hke scales coMhroUhii Tlundmld. 
cw«. Thorax with thivo miws *»f goldeii-ydhiw, iianow-oui ve<( 

scales. . ... Mfiymadcua Skwe. 

Hikokrixa. 

A. Wings nimpotteil, ihirti long vetn, stem of second fork-ocU, 
and fifth long vein curved. 

1 . Legs uiilMiided. 

a. First furk-cell very Hinall . ifntcilia Theoliald. 

AnoFIIBLBS (MyZOKHYNCHUR) BAKRtROSTKIH Van d. Wulp, 
var. BANCRoFTi (Giles). 

(Plate Ixxx., fig.l). 

Theobald, Mon. Oulicid., v., p.50 (1910;^ Taylor, Proc. Linn. 
Soc. N. 8. Wales, 1915, xl, p.l76. 

This is a oommon and widely distributed species, extending 
from Darwin, N. Territory, to Eidsvold, S. Queensland. 

The male is evidently very retiring, as the only known speci¬ 
mens have been bred from larv». 


Joani. Lond. Soh. Trop, Med., ii., p.l53 (1913). 
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Anophrles (Ntbsorhyncrus) ANNUL1PB8 Walker. 

Tns. Saunri., p.433 (1850); Theobald, Mon. CuUcid., v., p.57 
(1910); Taylor, Proc. Linn. Soc. N. S. Wales, 1914, xxxix., p,454; 
Quarantine Service Publication, MellKiiirne, No.l2, 1917. 

HaL —N.S.W.: Hay(W. W. Frog^att). —Victoria: Melbourne 
(Dr. J. H. L. Cumpston); Kyabram, Bamawni, Echuca, Swan 
Hill, Mildura, Cohuna, lAike Roga(F. H. Taylor).—S Australia: 
Hentnark, Cobdogla, Ponipoota(F. H. Taylor).*—W.A.; Perth, 
Kalg<M)rlie (Dr. Atkinson). 

Tliis mosquito is probably the most widely distributed species 
in Australasia, as it extends from Darwin, in the North, across 
to Papua, throughout the mainland, and south want to Tasmania.. 
Tt is not improbable that this species will lie found in the Pacific 
Islands. 

Toxokiitnchitrb INORNATU8 (Walker). 

PrfKJ Linn. Soc Loud, viii., p.l02 (1865); Theobald, Mon. 
Culicid., i., p.223 (1901); op. ciL, v., p.llO (1910). 

Two male specimens, one of which is quite typical; the other has 
the mid cross vein coiiHuent with the posterior cross* vein instead 
of not meeting it, and also has the second tarsals of the hindlegs 
with a broad, white, almost basal band, which occupies more 
than half the joint. It agrees in all other points with Theobald’s 
description of this species. 

Hob. —Papua: Ttikinumu Plantation (F. P. Dodd). 

ToxoKHTNGBtTBS 8PKCI08US (Skuse). (Plate Ixxx., fig.2). 

Proc. Linn. Soc. N. S. Wales, 1888, xiii., p.l722 (1889); Theo. 
bald, Mon. Culicid., v., p.l08 (1910). 

^To&.—Q.: Townsville (Dr. A Breinl). 

Mucinus AtTEKKABS (Westwood). 

Ann. Soc, Ent. Fr., iv., p.681; Taylor, Proc. Linn. Soc. N. S. 
Wales, 1914, xxxix., p.455; op. cit.^ 1915, xl., p.l76. 

//a&.—Victoria : Kyabram (F. H. Taylor). 

This species is known to range from Darwin to Victoria. 

Armiqsrks BKRiHLt Taylor; Ntaquamomyia 6r«tn/t Taylor. 

(Plate Ixxx., fig.3). 

Trans, Ent. Soc., liondon, 1914, Ft. i., p.l86. 
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The genus NeoBqMomomyia wan founded partly on tlie male 
genitalia, the other characters agreeing with Armiyerf$^ 

When proposing the genus, T was unaware that similar char¬ 
acters were to be found in species of the genus Amiigeretty notably 
A. malayi Leicester. 

Edwards* notes the similarity of A, malayi Ijeic., and K. 
brtinli Taylor, and suggests that the correct position for the 
latter species is in ArmigtreSy a decision with which T quite agree. 
The two species are distinct, but certainly closely related, 

PSBUnOSKOaBA CAIKNHRNSIS, Sp.n. 

9 Head clothed with black, flat, and upright-forked scales; 
palpi dusky; antonnie dark brown: proboscis black. 

Thorax dark reddish-brown with brown scales, scutellum 
similar; pleune brown, with white, Hat scales. 

Alxlomen black-scaled, unbanded, segments three to the apex 
with lAOsal, lateral, white patches; venter pale-scaled. 

Legs black, unhanded; ungues equal and simple. 

Wings brown-scaled; first fork-cell longer and narrower than 
the second, its ba.se nearer the base of the wing; stem of first 
fork-cell one-third the length of its cell, stem of second fork-cell 
slightly more than half the length of its cell; anterior Uisal cross¬ 
vein longer than, and twice its own length distant from, the 
anterior cross-vein. Length, ? 

//a6.^ Queensland ; Cairns (F. H. Taylor) 

Described from a single specimen bred from a mixeil lot of 
larvas. It is readily distinguished from F, multiplex Theobald, 
on venational characters, ungues, and the abdominal spots. It 
differs from P. biBealie Taylor, in not having a banded abdomen. 

Mimbtbomtia ATBiPBS (8kuse). 

Stegimyia puuctciaUi*aliB Theobald. 

Proc. Linn. Soc. N. S. Wales, 1888, xiii., p.l750 (1889); Theo¬ 
bald, Mon. Culicid, iv., p. 190 (1907); Taylor, Proc. Linn. Soc. 
N. 8. Wales, 1914, xxxviti., p.750 (1915) (^S^onfomyia); op, ctf., 
1915, x)., p.l77 {SUgomyia), 

It is quite evident, from specimens recently collected by myself, 
* Bull. Knt. Res., vii., p.a07 (lfll7). 

64 
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that Skuse’s species has the apical lateral spots on all the 
abdominal segments^ and not only on the sixth to eighth seg¬ 
ments, as stated in my paper (1914). The Tngleburn specimens 
show that the spots vary somewhat in size on the basal segments, 
so that they were either overlooked in the type, or the abdomen 
was partially abraded. 

There is also no doubt at all that Stegomyia puneifjicUercilis 
Theobald, is the same as J/. airipe» (Skuse). S, pwicCflatei^cdia 
Theob., was unknown to me, except from description, when 1 
stated (1914) that the two were different species; but, since then, 
Dr. Bancroft has presented a series of both sexes to the Institute, 
which clearly show they are the .same as Skust^’s species. 

Theobald states that the mid-ungues of the male are unequal 
and simple; this is an error, as the larger is uniserrate. 

Neveu-Letnaire* places M, airipea in Theobaldxa^ and records 
it from Uuyane. He states that the fore- and mid ungues of the 
female are uniserrate; and he gives a figure of the wing-scales of 
his specimens, which proves conclusively that he was not dealing 
with Sku.se’s species. He also states that the palpi are four- 
jointed. 

There is no doubt tliat it belongs to the genus Mimeteomyia^ 
as, inUr a/ta, the apex of tho abdomen is very bristly. 

/fa6.—'Q.: Eidsvold (Dr. Bancroft), Burketown, Townsville 
(P. H. Taylor). -N.S.W,: Milsou Island (Dr Ferguson), Black- 
heath (W. A. Thompson), Ingleburii (F. H. Taylor).—Vic.: 
Mildura (F. H. Taylor). 

Mimbtbomtia atra (Taylor). 

SUgomyia atra Taylor, Trans. But. Soc. London, 1914, p.l90. 

A re-examination of the type of this species reveals the fact 
that it Mould, more correctly, be placed in the genus Mimetao- 
myia, on account of its bristly and truncated apex of the abdo¬ 
men, among other points of agreement with the genus. 

MiMBTBOIITIA PULOHKRRtMA, Sp.n, 

Head covered with brown, flat scales, with a median row 
of white ones, and white ones laterally; antennas pale, nodes and 


* Aroh. Paraaitologie, vi., p.615 (1916). 
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plames brown, basal lobes with white, flat scales; eyes wiiie-reH; 
palpi brown-scaled, first segment with two prominent white 
bands, penultimate and apical segments with white, basal bands. 

Thorax with dark brown scales, and ornamented with a lyre- 
shaped pattern of small, white, flat scales; prothoracic lobes with 
white scales and black bristles; scutellum with white, flat scales; 
pleune brown, with patches of white, flat scales. 

Abdomen brown-scaled, expanded apically, segments one to 
six with small, median, white, basal patches; all segments, except 
the first, with white, lateral, basal patches, prominent in the last 
three segments; genitalia with numerous black bristles; venter 
brown-scaled, with median, white, basal patches on the first 
seven segments. 

Legs brown, knees white, first and second fore- and niid-tarsals 
with basal, white banding, posterior tarsi one to three with 
broad, white, basal bands, fourth white, with a narrow, brown, 
apical band, fifth white; ungues of fore- and mid-legs unequal, 
the larger with a distinct notch, hind equal and simple. 

Wings: bases of fork-cells equal, first longer and narrower 
than second, stem of first fork-cell not quite half the length of 
its cell, stem of second slightly more than half the length of its 
cell, anterior basal cross-vein longer than, and twice its own 
length from, the anterior cross-vein; vein-scales brown. 

Length, 3 mm. 

ifaft.—Q.: Cairns (F. H. Taylor), 

Described from a single specimen, bred from a collection of 
larviB. It is abundantly distinct from all other Australian 
species of Miftneteamyia. 

Mimktrohyia doddi, sp.D. 

Head covered with block scales, a median row of white, flat 
ones, and white, flat ones laterally; anteniice brown, plumes brown, 
internodaspale; palpi brown, penultimate s^ment basally banded 
whiter apical segment white-scaled; eyes silvery. 

Thorax covered with dusky-brown scales; scutellum with brown 
scales; pleura brown, with patches of white, flat scales. 

Abdomen covered with coppery-brown scales, first segment 
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brown-scaled, second with a median, basal, white-scaled spot, 
tliird to fifth and apical segments with white, basal banding, all 
segments with white, lateral, basal spots; venter brown, with 
white basal l>aiiding and numerous pale hairs. 

Fjegs dusky-brown, first tarsals of forelegs basally banded 
white, the rest unlianded, first tarsals of mid-logs basally handed 
white [the rest broken off], posterior tarsi one to three basally 
banded white, fourth unbanded, fifth white; ungues of forelegs 
unequal, the larger witli a tooth, hind equal and simple, 

Wings: first fork-cell longer and narrower than the second, 
its base nearer to the base of the wing; stem of first fork-cell 
one-third the length of its celt, stem of second slightly more 
than half the length of its cell, anterior lia&al cross-vein longer 
and twice its own length from the anterior cross-vein. 

9- Similar to ^ An ten me brown, basal half of first joint 
yellow; apical third of palpi white. Abdomen : fourth and fifth 
segments with basal, white banding, apex of abdomen white- 
scaled, and with numerous pule bristles, all the segments, except 
the first, with lateral, white, basal spots; second segment with a 
white, median, l)asal spot; venter pale-scaled, apical segments 
black-scaled. 

I^egs similar to those of second tarsals of mid-legs with white 
basal l)andiug; ungues equal and simple. Wings as in 
Jjength : 2*5; 9 , 3*5 mm. 

//a 6 .—Papua : Itikinumu Plantation (F. P. Dodd), 

A very distinct species, readily distinguished from JV. pul* 
cAemma mihi, by its palpi, thoracic and abdominal markings. 
There is little doubt that the female belongs to the same species. 

It affords me much pleasure to name it in honour of its 
discoverer. 

Qrabhamia tubobaldi Taylor. (Plate Ixxxi, flg.4). 
Theobald, Mon. Oulicid., iv., p.S04 (1907). C Jlavyran$ 
Theob., nee Skuse, Proo, Linn. Hoc. N. S. Wales, 1913, xxxviiu, 
p.751 (1914). 

Were it not for intergrading forms, it would be possible to 
make two distinct ‘‘species” out of the series of specimens before 
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me, on abdominal inarkingH alone, as, in some specimens, the 
abdomen is quite typical, whilst, in others, it varies from speci¬ 
mens with distinct basal banding on the first two segments of 
the abdomen, and the remainder with more or less indefinitely 
handed and mottled, to those with indefinite basal lianding and 
dense mottling of creamy scales on all the abdominal segments. 

The base of the second fork-coil is slightly nearer the base of 
the wing thiin that of the first, while they are nearly level in 
the type. 

Specimens from Eidsvold, Queensland, show similar inter- 
gradient forms to the ahove Victorian specimens. 

tfaft. — Vic.: Bamawin, Kyubram, Mildura, and Kchucs (F. H. 
Taylor). 

CuLtCAOA WIL 80 NI, n.sp. (Plato Ixxxi., figs.fi, 6, 7). 

Head black, covered with yellowish, narrow curveii and 
upriglit-forked scales, with a few yellowish hairs projecting over 
the eyes, sides of head with flat ones; palpi longer than proboscis, 
black, first joint pale-scaled, except the apical fourth, puliescence 
black on the apical segment, and apex of first, yellowish-brown 
on the penultimate segment; anieunee pale, nodes dark, plumes 
brownish-black, dense. 

Thorax black, covered with yellowish, narrow-curved scales; 
prothoracic lobes with flat ones; scutellum similar; pleurte black, 
with flat scales. 

Abdomen black, first segment pale-scaled, second to seventh 
with broad, yellowish, basal banding; sixth, seventh, and eighth 
mottled; some specimens show median pale-scalcd bands on most 
of the segments; genitalia with some long, black hairs, latera\ 
pubescence dense, yellowish; venter pale. 

f 4 gs block, femora pale beneath; femora, tibice, and tarsi 
mottled; tore-ungues unequal, uiiiserrote, mid unequal, the larger 
deeply notclied, the smaller uniserrate, hind equal and simple* 

Wings with brown scales; first fork-cell longer and narrower 
tilan the second, base of latter nearer the base of the wing, stem 
dt the first almost as lung as its cell, stem of second as long as 
the cell; anterior basal cross-vein about as long as, and nearly 
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its length from, the anterior croBs-vein; second incrassation well 
marked. 

9 . Himilar to ^ ; antennie black, basal lobes black, with 
croainy-yellow Bcales, basal half of second joint pale, vertioillato 
hairs black, pubescence pale; palpi four-jointed, black-scaled, 
with intermixed, scattered, pale scales; proboscis black; fore 
femora pale-scaled, mid and hind pale, with an apical black ring, 
tibin and first tarsals mottled with pale scales; fore- and mid- 
ungues equal, uniserrate; i)onultimate abdominal segment creamy- 
scalcd except for a small oblique apieal line of dark scales, apical 
creamy-scaled. Wings similar to those of the male; but fork- 
cells relatively longer, stem of first fork-cell two-thirds the length 
of its cell, that of second about three-fifths of the cell. 

[jength: 7*5; 9 , 6 mm. 

I/ab, —Vic.: Kyabram, Echuca, Bamawm, Swan Hill, and 
Mildura (F. H. Taylor). 

This appears to be a well-defined species related to (7. iamna- 
nim$u Strickland, difiering, inter alia^ in the wing-venation, 
and the mottled femora, tibiee, and first tarsals. 6 *. wileoni was 
present in enormous numbers in the Goulburn Valley district, 
Kyabram and Bamawm being inundated with them. There is a 
small area of cypress-pine {OcUlitru sp.) at Bamawm, and it was 
impossible for man or beast to remain in it for even a few 
minutes, owing to the abundance of this mosquito. 

I have much pleasure in dedicating this species to Mr. Wilson, 
of Bamawm, who rendered me much help and kindly service 
while 1 was in that district. 

OCHtIROTATUS NOTOSCIllPTDS (SkUSe). 

Proc. lion. Soc. N, S. Wales, 1888, xiii., p. 1788(1889)[Culaa»}; 
Theobald, Mon. Culicid., v., p.200 (1910) [ScuUm^ia]] Edwards, 
Ann. Mag. Nat. Hist., ( 8 ), ix., p.523 (1912). 

ffab. N.S.W.: lDglebum.^Vio.: Bwan Hill (F. H. Taylor). 

CuLBX SIT1EN8 Wiedemann. 

Aussereurop. zweiflug. Ins., p.644 (1828); Theobald, Mon. Oali- 
cid., V., p.3Sl (1910); Taylor, Proo. linn. 800 . N. S. Wales, 1916, 
xli., p.670. 
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Hah —Q.: Caims, Innisfail (F. H. Taylor).—Papua (F. P. 
Dodd). 

This common mosquito enjoys a wide distribution^ being found 
from Java througli Papua and Torres Straits to Victoria. 

CuLBX GONCOLOR Dcsvoidy. 

M^ui. Soc. d’Hist. Nat. Paris, iv., p.405 (1825); Edwards, 
Bull. £nt. Res., ii., p.262 (1911). 

//a6. —Q ; Innisfail (F. U. Taylor). 

A short series, bred from iarvm, have been compared with 
specimens from other Australian localities, and also with speci¬ 
mens of 6’. concsolovy C\ tiyripea^ (7. conaimiluy and the form de¬ 
scribed as 6*. tigripes var. faaca^ which have been received from 
the Imperial Bureau of Entomology; and there is absolutely no 
doubt, as Edwards states, that the Australian form belongs to 
C, waeoLw. 

All references dealing with (7. tigripea^ as from Australia, 
should, therefore, refer to C, co^icolor^ and V. tigripea should be 
expuuged from the Australian list. 

CULKX UlTANIOaHYNCHUB OUeS. 

Journ. Bombay Nat. Hist. Boc., xiiL, p.607 (1901), Edwards, 
Bull. £nt. Res., iv., p.231 (1913). G, ahdcminalia Taylor, Rep. 
Aufit. Inst. Trop. Med., 1911, p.53 (1913). 

Edwards gives several synonyms of C. biiteniorhynchna Giles, 
in his paper, and mentions Culicelaa aJbdomiwlia Taylor, also as 
a possible synonym. 

I have compared specimens of my species with six specimens 
of C. biiatniorhy^ichua Giles, from Hong Kong, and can see no 
valid reason for treating them as a distinct species, thus con¬ 
firming the opinion held by Edwards. 

OuLBx TisuNVi Theobald. 

Mon. C^ulioid , i., p.355 (1901) ($ only); Edwards, Bull. £nt. 
Res., iv., p.233 (1913). (7. parvua Taylor, Bull. N. Territory, la, 
p,27 (1912). 

Edwards included C7. portms Taylor, as a probable synonym of 
C. viiAnui, when dealing with its synonymy in his paper. I 
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quite agree with this, and place C, parviiA definitely as a synonym 
of C, vishnui Theobald. 

It seems to me that C. vishnui Theobald, is closely related to 
C. Wiod. 


(yur.RX T0WN8VILLBNB1B, noni.nov. 

Culvielsa fnaca Taylor. 

Ti'iuih. Knt. Sue. Ijorulon, 1914, p.r)99. 

A change of name is necessary, as fnscus is preoccupied in 
Culox. 

The sixth and seventh sogmciits of the abdomen have the 
sides covered with white scales, except the apex; eightli pale- 
scaled, uulianded. The fore- and mid-ungues are unequal, and 
ivot equal, as stated in the description, the mid more so than the 
fore. There is also a small branched process on the undersurface 
at the base of the ungues in both legs. Genitalia of male of 
typical Culex-form. 

9 . Similar to Palpi brown scaled; apex of abdomen hairy. 
First fork-cell longer and narrower than second, its Imse nearer 
the base of the wing than that of the latter, stem of the first 
abimtono-third the length of the cell, stem of the second slightly 
more than half the length of the cell; hind-tibiw tho same length 
as firat tarsals; ungues equal and simple. 

7 / 06 *—Q.: Townsville (F. U. Taylor). 

The above corrections in the description of the male are based 
oil fresh material, whicli agrees perfectly with the type. It 
appears to be an uncommon species. 

CuLBX FATIOARS Wied. 

Aussereurop. xweiflug. Ins., p.lO (1828); Taylor» Trans. Eiit. 
80 c. London, 1914, p.l97. 

/frt 6 .—N.S.W.; Sydney (F. H. Taylor).—Vic,: Melbourne (Dr. 
Cuinpston), Kyabram, Eohuca, Mildura, Bamawm, Swan Hill 
(F. H. Taylor).—S. Australia: Benmark, Cobdogla, Overland 
Comer, Pompoota, Adelaide (F. H. Taylor). 

0, fedigana is a common mosquito in Southern Australia. It 
occurred abundantly at Kyabram and Echuca, where it was 
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bi*eeding in enormous niiiiibers in the irrigation channols and 
street-watertahles. 

TjOPHOcskatomyia caiknsknsis, Hp.ji. (Plate Ixxxii., figs.8, U). 

Head clothed with brown, narrow-curved, and black, 
upright-forked scales; antennae pale, apical scgineiits and nodes 
dark brown, plumes brown, accessory organs long on si*.grncnts 
Ave, eight, and ten, apices spoon-shapod on eiglitli, shoit on sixth 
and seventh; palpi black, penultimate and apical segments with 
black hairs beneath, thumb-like pi*ocess dark brown; eyes black. 

Thorax and scutellum with brown, narrow-curved scales; 
Bcutellar bristles black, long; pleurie brownish. 

Abdomen black-scaled, untiandcd, apex bristly, segments three 
to seven with faint, lateral, laisal spots; venter dark. 

NVings: Arst fork-cell longer and narrower than the second, 
the former nearer the base of the wing; stem of Arst fork-coil 
about half the length of its cell, stem of second alMui two-thirds; 
anterior basal cross-vein longer than anterior cruss-vein, and 
nearly thrice its own length distant from it; scales brown. 

Legs black, unbauded; ungues of forelegs unequal, tlic larger 
uniserrate, mid-ungues unequal and simple, hind equal and simple. 

9 . Similar to Palpi black-scaled, Arst segment with a few 
black bristles; clypeus black; anteunw brown; ungues all equal 
and simple; abdominal spots well deAned. 

Length: 3*5; 9 , 4mm. 

Uab. —Q.: Cairns (F. U. Taylor). 

Described from seven males and ten females, bred from larvs. 
It is abundantly distinct from L. anmUnta Taylor, and L. cylin* 
driM Theobald. 

Two males and one female have the bases of tho fork-cells 
almost level, but there are no other differences from the typical 
apaeimena. 

Lophockratohtia annulata Taylor. 

Free. lann. 800 . N. 8 . Wales, 1916, xli., p.571. 

Cairns (F. H. Taylor). 

A single specimen, bred at the same time as L. eairtiwnstj 
inilg; it agrees with tfae type in all respects. * 



838 


AUSTRALIAN OUUOIDA, IV,, 


Twophocrratomyia cymndrica Theobald. 

Mon, Culicid., iii., p.202 (1903) \Gulex\ PI. ix.; op. ciL^ t., 
p.361 (I9J0); Edwards, iiulJ, Kiit. Res., viL, p.228 (1917). 

//«/>.-»Q.: Eidsvold (Dr. T. L. Bancroft). 

I quite agree witli Edwards in placing this species in Lopko- 
cercUom^ia. Tt is typical in every respect. The figure of the 
head of the male on Plate ix., though small, shows the plates on 
the antennae. 

Manbonoiobs UNiFORMlB (Theobald). 

Theobald., Mon. Culicid., v., p.448 (1910); Edwards, Bull, Ent. 
lies., li, p.253 (1911). 

//a6. —N. Territory: Darwin (O. F. Hill)—Q.; Eidsvold (Dr. 
Bancroft), Cairns, Townsville.—N.H.W : Newcastle (Dr. Dick). 

This is a very abundant and widely distributed species, being 
found from Africa to the Philippine Islands, New Guinea across 
to Darwin, and extending as far as Newcastle, N.S.W. 

Finlaya PoioiLiA Theobald. 

Mon. Culicid., v., p.464 (1910); Taylor, Proc. Linn. Soo. N.S. 
Wales, 1914, xxxix., p.465. 

//ab. Cairns (F. 11. Taylor). 

Molpbmyia PRIBSTLKII (Taylor). (Plate Ixxxii., fig.lO). 

Calomptn Taylor. 

Trans. Ent Hoc. Loudon, 1913, Part iv., p.684 (1914). 

Calomyia cannot be retained as distinct from Molpemyia^ there 
being no structural differences. The writer was in error in 
describing the scales on the centre of the head and bordering 
the eyes as spindle-shaped, as they are, in reality, only large 
narroiv<un>ed scales. 

The species seems to be somewhat variable, as a speoimen, 
taken at a later date than the type, shows complete broad band¬ 
ing on tlie abdomen, whereas, in the type, the abdomen lias large, 
basal spots on the segments. 

Skusba psbudombdiopasoiata Theobald. 

Mon. Culicid., v., p.489 (1910). 

Hob, —Q.; Cairns (F. H. Taylor). 

Two speoimens, both males, before me, agree perfectly with 
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the description of this species They were bred from larvw. It 
was originally described from Ceylon. 

Uranot^nia ALBK8CRN8 Taylor. 

Trans. Ent. 8 oc. Jjondon, 1914, Pi. i., p.705. 

//a4.-Q.: Cairns (F. If. Taylor). 

The fourth segment of the abdomen is more correctly described 
ns brown, with a median, apical, white scaleiJ area. The Cairns 
specimens, bred from larvie, show the fourth segment entirely 
black. 

UrANOT^NIA CAIRNSBNStS, Sp.Il. 

9 . Head with dusky*brown, tint scales, with a fairly broad 
band of bluish-white scales round the eyes; antennie dark brown, 
Imsal lobe and Imse of Hrsi segment yellowish, palpi black; 
clypeus dark brown; eyes silvery; proboscis dusky-brown. 

Thorax brown, with brown scales and black bristles; sciitcllum 
with flat, black scales; plourte with white, flat scales; there is a 
short, pre-alar, white line of scales. 

Abdomen with dusky-brown scales, all the segments with 
lateral, white scales; venter with white scales. 

r^egs dark brown, femora pale beneath, ungues very small, 
equal and simple. 

Wings longer than abdomen; first fork-cell shorter and nar¬ 
rower than second, latter iHiiisiderably nearer the base of the 
wing, stem of first more than twice the length of its coll, stem 
of second slightly longer than its cell; anterior Ijasal cn)SK-vein 
longer than the anterior cross-vein, and nearly twice its length 
from it; halteres pale, with black knobs. 

Length 1*5 mm. (vix). 

Nab.-Q.: Cairns (F. H. Taylor; July, 1917). 

Deseribod from two specimens, lired from larvie. It is easily 
separated from other Australian species by its venational and 
abdominal markiiigs. 

Ubahotjbru tibialis, 8p.n. (Plate Ixxxii., lig.l 1). 

Head clothed with white scales, except in the oentre, where 
tlAy are brown; anteniw brown, basal lubes blaok, basal half of 
ftfet segment pale; palpi dark brown; eyes blaok; proboscis brown. 
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Thorax with brown scalca, and long, black bristles, apparently 
ill four rows; a short, prc-alar lino of bluish-white scales; scu- 
telluin with brown scales, plcurs brownish, with bluish-white, 
flat scales. 

Alidoinefi covered with black scales; vf*nter brown-scaled. 

Wings longer than abdomen; first fork-cell shorter and nar¬ 
rower than second; base of latter much nearer the base of the 
wing; stein of the first nearly twice the length of its cell; stem 
of second about the length of its coll; anterior basal cross-vein 
longer than anterior cross-vein, and once and a half its length 
from it. 

Legs dusky-brown, femora basally pale lieneatb; apex of fore- 
tibiie with a tuft of long, brown, liair-likc scales, second tarsal, 
clothed with fairly long scales, tarsi three to five pale; ungues 
of forelegs simple, rectangular, mid apparently the same. 

9 . Similar to male K(*alcs on the costa, subcostal and first 
longitudinal veins dusky as in male. Fore tibia} normal. 

Length: 1*75; 9 , l*5iniii. 

Hab,— CJ.: Cairns (F. H. Taylor). 

Descrilied from one male and two female specimens, bred from 
larva*. The black abdomen, venation, and fore-tibiie of the male 
render this species distinct from its Australian congeners. The 
lengths are only approximately correct, as the speoimens are 
doubled up. 

Uranot^nia propria Taylor. 

Trans. Ent Soo. London, 1914, Pt. iv., p.704. 

9 . Similar to mate. First fork-cell shorter and narrower than 
second; stem of former nearly twice the length of its c^ll, stem 
of latter slightly longer than cell, anterior Imal cross-vein longer 
than anterior cross-vein, and once and one-half its own length 
from it. Legs normal. 

Hab. Q.: Cairns (F. H. Taylor). 

This species was, previously, only known from tlie male. 

Uranotania aktknhaus, 8p.n. 

9 . Head with pale scales in the centre, blackish elsewhctre; 
eyes black; antenun brown, basal lobes yellowish, first segment 
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very long, about twice the length of the necond, its base pale; 
palpi blackish. 

Thontx brown, with brown scales and black bristles, and a 
short, narrow, pre-alar, white line of scales; .scutellniii with black 
scales; pleurie brown, with white scales. 

Abdomen covered with black scales; venter brown-sealed. 

Legs dusky-brown; femora pale beneath, apical tarsi pale. 

Wings: first fork-cell shorter than second, stem of first fork¬ 
cell about twice and one-half the length of'the cell; stem of the 
second slightly longer than the cell: anterior l>asa1 cross vein 
longer than anterior cross-vein, and twice its own length from 
it; scales on the costa, subcostal, and first long vein dusky, paler 
elsewhere. 

Length 1*75 mm. 

£fo4.—Q.: Cairns (F. H Taylor). 

DeMriberl from two specimens, bred from larvse. The first 
joint of the an ten rite, and the venation separate this species from 
other described Australian species 

URANO*rANiA HiLLi, sp.ii. (Plate Ixxxiii., fig.l2) 

Head covered with brown, flat scales; antentife pale, nodes 
brown; eyes black and silvery; palpi brown, sHgbtly longer than 
usually found in the genus. 

Thorax covered with dusky-brown scales, prothoracic lobes 
prominent, dark-scaled; scutellum dark, denuded of scales; pleurte 
yellowish-brown. 

Abdomen with black scales; venter pale-scaled. 

Legs dark brown; femora pale lieneatb. 

Wings : fork-cells the same length, base of tho second nearer 
the base of the wing; stem of the first fork-cell slightly shorter 
than its cell, stem of second not quite one-third shorter than its 
cell; anterior basal cross-vein longer than the anterior cross-vein 
and about once and one-half its own length distant from it. 

Length 2 mm. 

^a5.-*-N. Territory: Darwin (O. F. Hill; No.32]). 

Described from two specimens. The length of the first fork- 
oef) is relatively longer in comparison with the second than is 
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found in Uranoimnta, but I prefer to regard this species as 
belonging to that genus. 

Mr. Hill notes **larvie in crab-holes in mangrove-swamps.” It 
affords me much pleasure to dedicate this species to its discoverer. 

Paratype in Coll, Hill. 

Hor>OKsiA CAiUNSRKSis, sp.n. (Plate Ixxxiii., figs.lS, 14). 

Hoad with black and bluish scales. Thorax orange, with pro¬ 
minent black markings. Abdomen black-scaled, fifth segment 
apically white, the second to sixth segments laterally white. 
I^s unhande<l. 

Head with black scales, with a triangular patch of hluish- 
white scales on the Occiput and on the sides towards the base; 
eyes, palpi, and proboscis black; antenna black, first joint long, 
basal half yellov/ish. 

Thorax orange, with a prominent black spot above the wing- 
roots, and a broad, median, brown stripe from the centre to the 
posterior margin of the sen tell urn, sparsely covti'ed with short, 
hair-like scales: scutelluni pale on the sides, covered with small, 
black scales; prothoracic lobes with pale, flat scales. 

Abdomen with black scales, firat segment paler, segments two 
to six with lateral, white patches, fifth with a broad, white- 
scaled, apical band, apex bristly; venter pale-scaled, apical seg¬ 
ment dark. 

Wings considerably longer than abdomen, black-scaled; first 
fork-cell longer and narrower than second, base of the latter a 
little nearer the base of the wing; stem of the first fork-cell 
about three-quarters the length of the cell, stem of second about 
two thirds of its cell; base of second long vein carried well beyond 
the transverse vein; halteres pale, with black knobs. 

Ijegs black; femora with the basal half above, and the under¬ 
surface, creamy; ungues very small, equal and simple. 

Length, I-6 mm. 

Hab. — Q.: Oairns (F. H. Taylor). 

Described from a long series taken in shady situations, on the 
edges of swamps, mainly sheltering in tree-holes. It is readily 
distinguished from ff. triangulata Taylor, by its thorax and 
abdominal banding. 
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HO0OR8IA TRIANOULATA Taylor. (Plate Ixxxiii., fig.l 5 ). 
Trana. Ent. Soc. TiOndon, 1914, Pt, i,, p,204; Proc. Linn. Hoc. 
N. a. Wales, 1916, xl,p.l84. 

//a&. —Q.; Cairns (F, H. Taylor). 

Fresh speeimens show that segments two, three, five, and six 
have white, lateral spots, and that the venter is white-sealed. 

This species is wrongly recorded as llodyeaui inmaculatna in 
the Zoological Record, li., Inseeta, xii., p.277, 1914 (1916), 


KXPLANATION OF PLATKS LXXX.-LXXXIII. 

Plate Ixxx, 

Fig.l .—Anopheiia {Mywrhynchiu>t) A(iW>iVo/»/m vat. haun'ofti ((tiles); liead 
of male. 

Fig.2 .—Toxorhynthiha Bpeciomu (Skusc); heail uf male. 

Fig.3. - Armiyf)ta hnM Ta^dor; genitalia uf male. 

Plate Ixxxi. 

Fig.4.— QfiMamia ihed»aldi Taylor; wing. 

Fig.6.--CWicadfe mh7«o»i, sp.n.; head of male 
Fig.O. —(Micmla tn7«o»t, sp.iu; genitalia of male. 

Fig.7.—eWicoda mlaoixit sp.n.; wing of female. 

Plate Ixxxii. 

Fig.Si—IfCgsAocerotomyia rainiJ<«nNM, np.ii.; head uf male, showing aii- 
teiinary organs. 

Fig,0.— Lopfioctraton^yia sp.n.; wing. 

FigJO.---ifo/^myui pritatUU Taylor; wing of female. 
Fig.ll.---f/n»m)/(miasp.n.; wing. 

Plate Ixxxiii. 

V\g,l2*'^Uranof4X!nia hilli, sp.n.; wing. 

Fig. 13 .—Hodtjtna caimsenMa, sp.n.; wing. 

Fi|^14.— Hodguia catmsefurM, Bp.n.; portion of wing under high power. 
figA5*~-Hodg€aia triangulata, ftp.ii.; wing. 
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NOTE ON THE TEMPERATURE OP KVUIDNA 
AUVLKA TA. 

Ry H. S. Halcko Wardlaw, D.Hc., Einnkan Mapleay Fellow 

OP THE SOOIETV in PHYSIOLOOV. 

■ • 

{From th^ Phy$iolo(jical Laboratory of the Univernty of Sydney.) 

(With two Text fi^urefl). 

Tn a previotiR communication, the preRont writer has recorded 
a number ot observationR of the rectal temperature <if Echidna 
acnhnta (Wardlaw, 191 A). The obsorvatioiiM were made at 
diirei*ent times of the day, and during different seaHOns of the 
year. Ah the tcMuperatures showed considerable variations, even 
outside of the periods during which the animals were hibernating, 
some difficulty was experienced in arriving at an estimate of 
their normal waking temperature. Average values calculated 
fmm results varying like those obtained have no precise meaning. 
Yet to give the range of variation alone is hardly sufficient: a 
central value is riecessaiy as a point of departure. 

These results, therefore, have been submitted to a further ex¬ 
amination, in which the graphic method of statistical analysis, 
due to Oalton, has been applied in the manner described *in a 
former paper (Wardlaw, 1917). In this way, it has been shown 
that the observations of temperature are not distributed at 
random over their whole range of variation, but occur more fre¬ 
quently in the vicinity of certain values, and that the tempera¬ 
ture of this animal has certain definite most probable values for 
different times of the day at difibrent seasons of the year. 

In the accompanying diagrams (Text-figs. 1 and 2), the fre¬ 
quency of occurrence ot different temperatures of Echidna, outside 
of the periods of hibernation, have been plotted. Temperatures 
of the animals are measured along the abseiascs. The relative 
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Text-fig.2. (See p.849). 
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froqnoncies of otu:uri*eiioe of the various teinpeiatureH aro |u*o^ 
|H»rtional to tlw oitUuates. Autunui and winter tempcratureb 
are given in Tcxt-fig.l; spring and summer temiwratures are 
given in Text-tig.2. The morning and ufteriKK)ii tcunporatures 
are plotted separately in each diagram, 'riie mean air-temper- 
atiu*eH, corresponding to each range of TC. of the animars tenv 
|>eratures, are also shown. The niinilKn’s of results represented 
hy each <»f the four pairs of curves arc* as follows: autumn-vviiiter 
(period, morning, 188, afternoon, 2 l:i; spring summer period, 
morning, 98, afternoon, 102. As these miinbers are dilfercnt, 
the ordinates of the diiferent curves are not directly eom|Nirable 
with each other. 'I'his docs not matter, however, as only the 
diiferent ordinates of the saiiio curve itHjuirc to Iw compared. 

Curve A, Text-fig. 1, sh<»ws the ogive of the morning tem^Ksr 
atui*e8 of Echidna during the autumn-wdnter period. Each 
oi*diiiate is preportioual to tlie iiuml)er of obstTvations occurring 
at and below the cHH'respoiidiiig temperature. Curve A' is tlie 
derived or fi’equciicy-curve; each ordinate is protM)rtional to the 
number (»f oliscrvatioiiH (i(*ciirnng at the corresponding tcunper- 
ature. It will be seen that the maximum of this frequency-curve 
lies at 29*7''C.; this is the most prebable moming-teiiipeiHture of 
Echidna during theautiimn-wiriter poriiKl. ft will also U; noticed 
that the curve A' flattens out and liecoiiies almost horixoiital 
lieluw a teiiqiumture of about 27*6X\ This portion of the curve 
Cfmtinues down to about 8‘0''C., but has not all Wii shown. The 
curve indicates that, Iwlow 27'6®C,, Echidna allows its temper¬ 
ature to vary at mndoin, and displays no tendency to bring it 
towards a definite value. By the time its bcKly-tempcraturo has 
fallen to 27'5*'G., Echidna has thus become a completely (>oiki1o- 
thermal animal. 

Tlie line A'" joins the mean air-tem{>emtures correH])ondirig to 
tlie different IxKly-temperatui^ of Echidna, and is marked by 
eirolefi. 

Carve B, Text fig. 1, is the ogive of the aflenioon-temperaturas 
of &hidna during the autumn-winter period. Curve B' is the 
corresponding frequency-curve. Its maximum occurs at 32*3"C., 
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and this is the most pnihuble afternrxtn-teinpei'ature of Echidna 
during the {>eriad in question. Tlie Hue U" juinn the air^temper* 
atui*es corresponding to the ditfei'eiit toinporatui'os (vf Echidna, 
and is indicated by dots. 

Cur%'e 0, Text-iig.2, is the ogive of the inoniing-teinperatuiYM 
of Echidna during tiie spring-HUinnior period. C' is the correH- 
ponding fn^jiiency-curvo. fta maximum lies at •'i0*0‘C., and this 
is the most probable morning-temperature of Echidna during 
spring and summer. Tlie line C" joins the average air-temper- 
atui^s as before, and is indicated by circles. 

Curve I), Text-flg.2, is the ogive of tlie afternuon-teinperaturcH 
of Echidna during the spring-summer period. D' is the cori-es' 
ponding frcquoncy-curva Tlie curve, it will lie noticed, does 
not fall after rising to its maximum, but retnains constant. The 
iiiaxiinal value is i^eached at a temperature of 32*6*’C. Above 
this toniporature the frequency-curve is horizontal, and the tem- 
ixirature of Eichidna varies at random. These facta indicate that 
thorc IS an upper, as well as a lower, limit of temperature b^oud 
which the tempcrature-ragulating mechanism breaks down, and 
Echidna behaves as a poikiluthermal animal. Tliis mechanism 
is only effective while the aniniars body-tompemture lies between 
about 27*6"0. and 32'6''C., that is, over a range of variation of 
alxiut OX’. 

Tlio line I)"" joins the avei^age air-teiupcratui^ cori'cspoiiding 
to the diflercnt afternoun-temperatures of Echidna during the 
spring-summer period. 

The four curves show, that most probable temperaturas of 
Echidna are 2*6‘’C. lower in the iiioming than in the afternoon 
during liotli of the periods tci which the observations were 
made. 

The most probable temperatures of the spring-summer period 
werc very slightly (0*3^C.) higher than the oorresponding tem¬ 
peratures of the autumn-winter period. Hie average air-ten^ker- 
atures were about 5*0. higher in the former than in the latter 
period. 
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Summary. 

Tho inoMt prubulilo U'ui|K*nitiii'eH of Eoliitliui uiv: in the morn 
hig, 21)7*0. diiHtig (lutuinii and winter; 3()'0*C. durin«( Rpriiig 
imd HUinnicT. In t\w afterniMm, 32*3*0. during autumn and 
winter; 32*H’0. during spiing and suiuiner. 

Tlip temperatuiH! itsgulating ineclianiHiii of Krliidna only 
nffcctive wliilt^ the IxKly iem{Kn'atim> lies U'twiseii 27‘8*C. atwl 
32*6*0. Outside of tlicse limitH, Kchidnu laJiaxes as a poikilo- 
tliertnul animal. 


RKFKRKNOFX 

UaIjTon.—N atnnil luhcntaiioc. IHHU. 

WAHOnAW,—Fnxj. Lmn. Hck;. N, S. VValcH, 1013, \I,, p.231. 

-——/Wd., 11117, xln., 


LKGKNDS OF TKXT.F1(;UKF>;. 

Tezt*tig.l lp.845). 

KrUtivts fmpiency of ouuurrenee of ditfumit iiutunui aikI umtei (oinpvi- 
atnieN of Kuhidna. AbsciiMa*, lirNly-toiiiiMiaUireH of KeliidnA, 

OidiiiAteH of ctirvcH A and B aiv proportional to nuinberH of ob- 
Htfrvationa at and ImsIow the ourmpondhiK teinperatureM, Ordinal on 
of curves A' and \V aro proportional tti uvunlwsrrt of olMevvatious at 
the oorrcHpoiiding toinperatiirea. Tbr p<riinU joined by the liiit^s A"* 
and B'' iiidi(Aite the average air-tcinperatureH oorrespoialing to oaeh 
degree miigv of lHKly-tciii|ieratiire. liPt.tei*M A, A\ A" i^'fcr to 
moming temporatureH; letters B, B*, ir to afteinuon-teinperatui'es. 

Text'tig.2 (p Ht7). 

Rftative froqueuey of oemirrence of diflurunt Hpnng and Muiniiier tern per- 
. aturas of Kohidna. Alisciswe, iMMly-temperatun^s of Kchidim. 

Onlinatott of ourvea 0 and 1) are piDitortioiial to uundrerH of ob- 
servationH at and Mow eorrespondmg teiiiperatni'es. Onlinates of 
ourvea C' and U' are piMporiiotial to munhers of obHervatiems ik'- 
eurriog at the oorrespoiidiiig tempemtureH. The |H>inU joined by 
the lines 0^ and D" indieate the average air-ieiiiperaturoK cori«s- 
ponding to each degm range of laxlydompe^rature. Tjetteni C, C, 
refer to mariiing-temperatures; letters D, D', D" to afterliooU’ 
toinperaturee. 



850 


THE OCUKRUENCK OF METHYL L^VO-IXOHTTOL FN 
AN AUSTRAr.fAN POFSONOUS PLANT 

By J \MhH M. Pki'uik, IXSr., FJ.d., Jjnvkw MArLKAV Fhi.i^ow 

OF TIIK JSoriK'lY IN BlOCniKM INTRY. 

(Witli two Text'AgnrGH.) 

(From the Fhysiofuyicaf Laboratory of the l/niverttily of Sydney.) 

Jhlt^^odcndroH ofeieftdunn Deaf., (Family Sapiitdaceai) ia a large 
sli]*ub growing on tlie plaina of the Western and Northern Jri' 
teriur of New Bouth Wales, and is also fi>und in all the otlier 
States of Australia. It has been described as u valuable forage^ 
plant in tlie stock country because of its dmught resistant 
chaiacter. 

Some time ago this plant nas HU8]iected to be the cause of 
certain fatalities among cattle and horses, and a sample was 
mauved by the writer for chemical investigation. Tt was found, 
whim examined, to be a strongly cyanogenetic plant. 

Tlie main object of the extensive investigation carried out on 
this plant was, therefom, the attempt to isolate the cyanogenetic 
principle and to study its properties. During the course of the 
work there was separated a raiiiarkable and interesting compound 
of hevo-inositol, and this {»aper will be confined to an account of 
the method by which it was obtained, and a general description 
of its characteristic features. 

The material for the investigation was collected near Coonamble 
by Stock Inspector E. W. Procter, and forwarded to the Uni¬ 
versity through the kindness of the Chief Inspector of Stock, Mr. 
8. T. D. Symons, M.R.C.V.S,, to wboin the author expresses his 
indebtedness and thanks. 
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Method of Extraction, 

Tho plantH wi*iv air ilnecl, and tluMi the Iwives wcm* Hoparatocl, 
crushed, and afUM^uards Hticly (M)wdei'e<l Of this air-dried leaf- 
powder, 2*5 kiloH, correH)x»iidiii^ t4> alxnit I i *5 kilos, of fi*c«Hli 
leaves, were extmotcM) with alcoln)l. The extiaetion was 
continued until almost complete: and tlit* alcoholic Huid, rneamir- 
ing **11 litres, was diHtille<l under tUminishoil pressure, luid at a 
tempemture not exm'ding .*15 C. The distillati<m was continued 
till the rasidue was free from alcohtil, and concentrated to a thick 
syrup, Tiiis viscous ix^sidue was tmitetl with warm water, 
Hltererl tlirough calico, and the residue washed until no moi^ was 
<lissolved. There was colle<d(*d on the cloth-filt<*r a black, sticky 
mass, consisting mostly of chlorophyll and rnsins, and weighing, 
when dried, 200gnis., or 8% of the air-ilried leaves. TheaipieoUH 
filtrate, after standing in tall cylinders for a few days, deposited 
a considerable quantity of brown, amorphous resin, 'Fhe latter 
was removed and washed with cold water. 

The opaque, dark brown solution was next puriUtx] by the 
fuldition (1) of an equal volume of 10% lead acetate solution, 
and (2) of an excess of basic lead acetate, after removing the 
previous bulky deposit. These very voluminous yellow precipi¬ 
tates were separated by spinning in the centrifuge, and were 
washed in the same manner with cold water, and reserved. Next, 
the solution was made free fiY>m lead by saturation with hydrc»gen 
sulphide, and the precipitate removed and well washed. 

The aqueous solution, measuring 18 litres, was now concen¬ 
trated by distillation at a low' temperature, to a volume of aliout 
2 litres. At this stage, the solution was thoroughly extracted 
by shaking out with ether, and in this way the free acetic acid 
was removed. 

Crtstallibation. 

Two volumes of strong alcohol were then added to the solution, 
and, on standing to settle, a dark syrupy deposit formed, from 
which the solution wm decanted. The latter yas then concen¬ 
trated by evaporation to a viscous mass, and on the addition of 
95% alcolml to this residue, an insoluble viscous substance re- 
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innined. llie alcoholic fluid waft allowed to stand for some days, 
when there was formed a considerable quantity of clear ^(laflRy 
crystals. On evaporation at 35*C., and af<ain treating with 
alcohol, a further separation of (U’ystals tmik place. Tliis evapo- 
i-ation and treatment with 95% alcohol was ivpeaUxl three times, 
tlie mass of (uystals was <lnunerl mi a Ihiciiner funnel, and 
washeil with alcohol. Tlic whole waft then recTystallised from 
*di)iite aleoliol, and the crystals dried. The weight of this sub¬ 
stance, with (he addition of a smaller amount obtained in theMuh- 
Hecpient treatment of the solution, was 15 gins., e<|uivalent to— 
0'65 ])er c>ent. of the ilried (at 10()*) leaves. 

0*60 per cent, of the air-drie«i material. 

Pwificaiion of the —The whole <if the substance was 

now disftolvKl in water, in which it was exceedingly soluble, and 
alcohol waft carefully added to the point of incipient precipitation. 
Oil cooling the solution to 0*0., the substance slowly separatexi 
in fine tmnftpai*ent crystals. During this separation, the super- 
fluid was decanted at intervals, till finally there were obtained 
twenty separate fractions, llie first, tenth, and twentieth frac¬ 
tions, when dried, gave melting-points between 188* and 189*5*C. 
(iincorrected), thus pmving the presence of a single substance 
only. The combined fractions were recrystallised three times, 
and dried in a desiccator. 

PnOPBRTlBS OF THB CRYSTALS. 

The following tests are described in the order in which they 
were performed, and show the method by which the constitution 
of the compound was gradually elucidated. 

Prs/mtnory tests.—(1) On fermentation with a very active 
preparation of emulsin, no hydrocyanic acid was evolved. The 
compound is, therefore^ not the active principle of the plant. 

(2) When heated, the substance melted, charred, and burned 
entirely away without residue. 

It consisted of the elements carbon, hydrogen, and oxygen 
only. The crystals possessed a very sweet taste, and were ex¬ 
cessively soluble in water^'from which f^ts it may be inferred 
that the compound contains a number of h^roxyl groups. When 



BT JAUlSa M. PBTRIR. 


853 


examined by the microscope, the crystal form was similar to that 
of cane sugar. 

Molisch’s I'oaction with sulphuric acid and a>naphthol or 
thymol gave no colour, and Fchling’s solution was tiot reduced. 
The compound is, therefoi^, not a sugar. 

(3) The melting-point, taste, and crystallino form are identical 
with those of the hexahydrio alcohol, dulcitol; the latter, how¬ 
ever, yields mucic acid when oxidi.sed with nitric acid, whei'eaa 
no mucic acid could be obtained from this substance. 

(4) By treatment of the solution with phenylhydra/.in >K*etatp, 
no hydrazone or osazone could be obtained. 

Silver nitrate in ammoniacal solution gave no pt'oeipitate in 
the cold; but, on warming, the solution slowly darkened with 
precipitation of the silver. 

On boiling with dilute acids and alkalies, and subsequently 
recovering the compound, no appiaront change m its properties 
was noted. 

Quantitaiim determirmtiaiM ,—The crystals, which had been 
formed in dilute alcoholic solution, and dried in a desiccator at the 
ordinary temperature, were heated at 110*C. for two hours, hut 
showed no decrease in weight, and then at 150‘C. for 30 minutes, 
with a similar result. The substance, therefore, contains no 
water of crystallisation. 

The solubility showed that 1 gm. required 1 *9 c.c. of water at 
2rO., or 63%. 

(6) The melting-point, as carefully determined on a standard 
Anschttis thermometer wholly immersed, was 190*C. 

(7) Ultimate analysis of the substance yielded the following 
results:— 

0'1262gm. gave... 0*083 H^O and 0*1983 CO^, 
Equivalent to ... 7*3% H and 42-9% C. 

requires 7*2% H and 43-3% C. 

This formula, which conforms most closely to the figures ob¬ 
tained for the substance, is possessed by the methyl-hexosea, 
simple ghioosides, and oertain derivatives of benxene. 

(8) A determination was made of the number of metlioxy 
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groups present in the tnoh^ule, by Perkin’s modification of the 
method of Zeisel. By heating in pure hydri<xlic acid, methyl 
iodide distilled over into silver nitrate solution. 

0*2 gro. gave ... 0‘2315gm. silver iodide. 

Bepresenting . 0*0306 gm. CHj,0. 

i^uircs 0*0310 gin. for one CHgO group. 

Tli(‘ Bubstant'o can, therefore, be repi*esonted by the formula 
iO.„and the i^sidue I'emaining in the Zeisel apparatus 
should possess the formula Tn order to recover this 

substance for examination, the solution, from which the methyl 
itslido had been driven off, was heated on the water-bath to 
ivniove hydruKlic acid, and then eva{)orated to dryness. By 
extiacting this i*esidue with alcohol and cooling to 0*C., white 
crystals weits reooverod. 

Crystals dned in desiccator and weighed... O'lGOgm. 

Ciystals dried at 110*C. and weigher! ... 0*160 gm. 

—0*2gm. mjuires . 0*186gm. 

The crystals are, therefore, without water of crystallisation, 
llio low yield may be accounted for by partial decomposition 
during the boiling with hydriodic acid, as the odour of benssenc 
and phenol was distinctly detected. 

(9) of th^ demHhylated substance .—After three crys¬ 

tallisations, the sulmtance gave a melting-point of 238*C., and 
charred at 239‘'C., carefully determined on an Anschutz standard 
thermometer with the column submerged. 

This substance also gave a negative result with Molisoh’s test, 
proving the absence of all open-chain carbohydrates; and since 
benzene and phenol were identified as decomposition-prodnots of 
the ester, the possible cyclic compounds may next be considered. 

The formula is contained in the inositol ring, for 

the identification of which the following reactions are spedfio:— 
(a) Soker0i^9 teH gave positive reactions with this sabstanoe, 
and likewise with the original methyl derivative. When a little 
of the solution is evaporated with nitric acid, neutralist with 
ammonia, and calcium or barium chloride added, a brilliant rose- 
red ookmr appears, (laebig’s Annalen der Ohemie u. Phartt. 81, 
1862, 375), 
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(A) QMiM Uati gave positive results with Ixitli sulKstaiiees. 
When the; crystals are treated with ineieuric nitrate, a yellow 
precipitate first forms, wliieh, on evapi»rating to dryness, gives a 
deep red colour; on ctxiling, this colour slowly disappears, to 
return on lieiiig reheated. (Fivs. Zeitschrift filr anal. Cheinie, 
iv., 1865, 264). 

These two charac'teristio i*eaetions ai'o due to the <:»xi<lation of 
inositol toa fpiinonoid suhstanee known as rhndixtmic acid, whose 
salts with calcium, liarium, and mercury, possess the hi'ight 
colours described. 

The reduced substance is thus pis)vcHl to be one of the inositols, 
and the original compound isolat^Ml fmin the plant-^^xtnu^t is its 
methyl ester. 

(10) Opixt^ —A polarimetric determination of the 

two substances w'as made with a Hchmidt and lliumsch (xilari- 
meter reading to one-hundredth of a degree. 

Methyl inositol 0*5 gm. was dissolvtHl in lOc.c. of distilled 
water at 16*C., and a Imvo rotation was t^ecoixled of - 4*01" in a 
I dcm. tube. 

The specific rotatory power [«]'/* = ~ 80*2; -= - 155‘6. 

The solution was boiled for two minutes, and after ciNkling to 
16*C., was again road in the polarimeter. No change was ob< 
served, such as is due to mutarotation among tho hexoses. 

Inositol, thede-methylated cunipouiid, 0'0741gin. was dissolved 
in 10c.c. of water at 16*C., and showerl a Imvo rotation of 
-* 0*48* in a 1 dcm, tube. 

Specific rotatoiy power « - 64*8; [MJ^ « - 116*7. 

(11) HfpiraHon, —The Invo-inositol was obtained by crystallisa¬ 
tion from cold aqueous alcohol, and contained no water ol crys¬ 
tallisation. When ciystallised from water, it was also obtained 
in anhydrous crystals. 

Now Maquenne and Tanret have described some important 
diflhrenoes with regard to the water of crystallisation in the 
isomerio inositols.* They found that— 

* Resherohst sur I'lnosite, Moqasnne—Annalei cle obemie et de physique, 
jdi., 1887 » Ms Gomptes rendus, ox., 1890, 87. 
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Inaotive-inositol 

from dil. ftloohol, or water under 50^0., gave orystn. with SHfO. 

from dll. fttcohol, or watei above gave anhydrous orysto. 

Dextro-inositol 

from dil. aloohol, or cold water, gave anhydraus crysts. 

from oold water seeded wit h hydrate eryste., gave orysts. with 2H,0. 

from hot water, gave . ... nryste. with 2H«0. 

l^v^odnositol 

from cold water, gave . . crysta. with 2HtO. 

from hot water, gave ... crysts. with 2HsO, 

from dil. aloohol, gave anhydrous orysts. 

l>l-iiKiflitol 

from oold water, gave .anhydrous orysta. 

It ia to bo pointotl out that the inactive and dextro forma give 
reverse rosnlts with the same treatment. Maquenne, in com* 
paring the dextiY> and IsevodsoinerR, could always obtain the 
former from oold water in anhydrous crystals, but was quite 
unable to obtain the same with the lievo form. 

The following results were obtained with the levo-inositol 
from Heterodmdron^ and are of interest when compared with the 
figures in the previous table. 

gm. 

1. Heated at IKTC. for I hour . ... 0*5005 

2. Dissolved in oold water, dried in desicc. at 25'*0. for 2 days .. 0*5522 

„ „ „ 25*0. for 1 day ... 0*5511 

„ „ 25‘C. fori day ... 0*5608 

3. Dissolved in water at TO^C., orystd. at 7lfC., dried in desioo. 

at 26^. for 2 days . 0*5678 

at 25*0. for 1 day . 0*5660 

at 15*0. for 8 days . 0*5680 

at 15*0. for 3 days .0*6612 

4. Heated at 100*0. for 8 hours ... ... . 0*5508 

5. Diss. in water, dried in the open at 15*0, . 0*5008 

Inositol *2H,0 requires . 0*5600 

The crystallisation from oold water, therefore^ left anhydrous 
inositol when kept over sulphorio acid, or dried in the <^n. 
When crystallised at 70*C., and subsequently ovqr 
sulphuric acid for two days, the ciystals contained an equivalent 
of two molecules of water; but since this water was gradually 
lost at the ordinary temperature standing over sul{diuric acid, or 
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in the open, appiirently it won not coinbiiie*! as hydrate in the 
ciyatalA. 

Tlio liydratoN obtained by Ma<|ueniic and utlien were only 
deooiiipufied at 1U0*C. If the hydrate exiMtN in the above caHe, 
it is deeunipused by drying at the ordinary temperature. 

The livvu-inositui of this research, therefore, was obtained in 
aiihydmus crystals only. Tlie hydrates prepared by the French 
rlieinists cmild not l)e obtainnl. 

Tlie substance isolated from Iltitentdeiidmn olnefvlivm is thus 
proved to lie the methyl ester of hewt-ndalory inositol. 

(12) CrffitkU Form ,—^Tlie outward structuieand nicasuroinents 
of the crystal forms are intimately related to the internal struc¬ 
ture of the isomeric iiH>le<‘ules, and, therefore, form an essential 
part in tlie elucidation of the individual members of a group. 
The methyl inositols ap^tarently have never been examined by 
ciystallograpliors, and indeed, as far as the author can ascertain, 
only inactive inositol ciystals have been examined by the goni¬ 
ometer. 

The gonionietric detenninations of the crystal forms of l.-niethyl 
inositol were kindly made by Dr. C. Anderson, Mineralogist to 
the Australian Museum, and are here included. 

Ckystai. Mkabvrrmkmtb or Mbtiiyl ucvo-iNosiruu 
By Charles Anderson, M.A., D.8c. 

Tlie orystals are small, the largest being about 2 mm. in length. 
They belong to the orthorhombic system and are very uniform 
in development and habit; of the five crystals measured, four 
show the forms a(lOO), 6(010), m(llO), y(Oll), while one has, in 
addition, one face of the form r(101), and they aro all tabular 
on a, 'Xbe faces are by no means perfect, being interrupted and 
wavy, the signals are only fair, and, consequently, the uieasure- 
meuts are not in close agreement. The orystds were measured 
on a twooirale goniometer, the roducitig lens being used. 
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T«xt-Kg.l. 

The axial ratius w«ro calculated fruiu the following ani 



The elements deduced from these angles ate 
a:b:o-0‘7609:l:0'8224. 
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Form. 

j Symbol. 
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00 0' 

90 0' 
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M 

no 
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— 

OO’C' 

7 

, Oil 

0“0' 

39"2li' 

0"0' 


r 

1 101 

i 

88°33' 1 

4r4,r 

1K)"0' 

j 47^3' 


The Inositols. 

tusitiKm vf the group, —The relative poHitioii of the gnni)), and 
the mode of occurrence of its niemlN;^ in nature, are of consider¬ 
able interest to the biochemist, especially since the discovery of 
“phytin” in plants by Paladin, in 1895. 

The basis of inositcil is the hexainethyleiie ring {Ckl^)„, 
Hexamethylene, (Text-fig. 1), occurs only in the hydre- 

carbons of the petroleum of Russia, Galicia, Baku, East Indies, 
and California, in the fraction iMiiling about 80X\ It has not 
been detected in plants or animals. 

By the substitution of hydroxyl groups (OH) in the hexainethy- 
lene ring, the following series of compounds is obtained:— 

(OH), (OH)a* (OH)a—synthetic compounds only. 
(OH) 4 ~betite, isolated from beet sugar residues. 

(OH)f—quercito^ in oak and other plants. 

(0H)„—inosite, in many animals and plants. 

Inosite, or inositol, has, therefore, the constitution of a hexa- 
hydroxy hexamethylene C„H„*(OH) 4 „ and although its formula 
may be written C^HiyOe, it is nevertheless, in its relationships, 
far removed from the carbohydrates. 

The eonetUution of Inoritid, —^The configuration of the inositol 
molecule^ or, in other words, the arrangement of its atoms in 
space, admits of eight different geometrical groupings resulting 
in eight possible isomeric forms. When these and their mirroi*- 
images are built up in models, it is found that seven of the forms 
may be superimposed on, and, therefore, coinoido with, their 
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niin'or-itiiageB. This otMiditioii, arining fi*oin a certain degm of 
molecular Bytmiietry, is accoiaimiiied by inactivity towards polar¬ 
ised light. These seven funiis having their asyniinetric carbon 
atoms internally compensated, ai*e, therofoi'e, optically inaoti\o 
in the polaiiineter. One form alone is found to possess an 
entirely asymmetric molecule, and, in consequence, this arrange¬ 
ment can exist as active dexti'o and Itevo com pounds, and, in 
addition, their g?/- or racemic inactive combination may also exist. 

CofiatUntion of thfi methyl —As has just been stated, the 

active birms of inositol are the i*esult of one (larticular arrange¬ 
ment of the hydroxyl groups. This arrangement, which may be 
readily discovered in the models, is that whero the six hydroxyl 
groups occupy the positions 1, 2, 4, on each side of the ring. 
This form (Fig. 2 ) and its mirror-image (Fig. 3) constitute the 
dextro- and Isevo-inosituls. 

Kig.l. Fig.2. Fig.3. Fig.4. 



The methyl ester, C 0 H 0 (OH )3 (OCH,) is obtained by sub¬ 
stitution of a methyl group in one of the hydroxyl groups, and 
again from the models it can be proved that substitution in the 
hydroxyl 1, 2 , or 4 results in three poesible and different com¬ 
pounds being obtained. The first of these is represented by 
Fig.4. The corresponding three positions in the fflirro^iInage 
(Fig.3)r—which are identical with the alternate three positions 
bdow in the other form (Fig. 2 )—produce their optical anti- 
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IKxleN. Th« possible existence of thnse ilextixi- and three Iwvo- 
inethyl ustera is thus duteiTiiiued Tt now mnains to ascertain 
(rt) whether the few inositol casters which have Ikhuj isolatwl uj) 
to the proseiit time, repixjsent the same hteroo-is«imer, (6) whether 
the compound obtaineiJ from ltHei*iKlt'Hdron is identical with any 
of tiie others, or repi'esents the second or thiixl isoinci’. 

Occurrmic^ in iiatin'f, —It has lu^en pn;viously stated tliat 
thecji'Ctically there cati exist ten stcmvisomcric forms of inositol 
OH a maximum possible uuml)cr:— 

7 inactive by internal coinponsuiion (meso), 

2 active, dextro and Itevo, 

1 inactive, racemic or cf/, 

10 isomeric forms. 

Only the inactive inositols have yet been found existing in the 
free state in nature, but estera of lK)th active and inactive 
inositols are found. 

(a) Inactive inositol, —^'rhis form, widely distributed in animal 
tissues, and already well known to physiologists, possesses the 
formula of one or other of the seven internally compensated 
molecules, and it is worthy of note that this is the only form 
found in the animal kingdom. It has always been referml to in 
physiological chemistry as one substance, with dcliiiite and con¬ 
stant general properties. Rut no one so far has troubled to ex¬ 
amine minutely, material fiom widely diiferent sources or organs, 
m to the particular properties which would differentiate tliesc 
inactive isomers, suoli as crystallographic measurements, or optical 
properties. 

It was discovered in animals, in 18&0, by Scherer, in extracts 
of and in plants, six years later, by Vohl.t This author 
was examining the sap of unripe pods of Phaseolus xmlgaria^ and 
after completely fermenting the sugars, and distilling off tlie 
alcohol, he found that the solution still possessed a very sweet 
taste. He then separated a roanna-Uke substance, which he called 

* l^^S Anoalen der Ohemis and Phsrm., Ixxiii., 1850, ^22. 
t /Md., xdx., 1866, 126. 
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phawo-maniiite. in the following year, the same chemist proved 
the identity of his maiiiiite with •Schei'er's inosito tvom animals. 

The occurrence has been recorded of three other substanoesi 
which are believed to he isomeric with inactive inositol, since 
they, although diiferiiig widely in crystalline form, melting-point, 
and solubility, possess the same general character. These are 
the scyllito of Htiedeler, fi*om certain olasniobranch Ashes, the 
fiuerainile of Delaclianel, from the oak, and the cooositol of 
Mueller, from the cocoanut. 

The compounds of inactive inositol which liavo been found in 
nature are :— 

Bornesite—the methyl ester, obtained from caoutchouc. 

Dambonite—the dimethyl ester, obtained from caoutchouc. 

Phytin—the phosphate ester, an essential constituent of all 
plants and animals. 

(6) Dexiro-inosiud occurs only as the methyl ester, pinite* It 
was discovered by Berthelot,*'in 1856, in the resins from Oregon 
pine, and has since been found in senna leaves, and caoutchouc. 

(c) L<ev(hinotfiUd is likewise found only as the methyl ester, 
and the following is a complete record of its occurrence:— 

1. Tn quebracho bark, Aspido 9 perma quebracho (Apocynaceas), 
discovered by Tanret, of Paris, in I889,f and named by him 
quebi-achite. 

2. Tn Hema brasilieneu (Euphorbiaceie), in the aqueous solu¬ 
tions of the latex after coagulation of the rubber, { and in Para 
rubber.g 

3. In Orevillea robf^ta (Pn>teacee).|| It is associated in the 
leaves with the glucoside arbutin. 

4. In lIeterade^i%dron ideiqfolinm (Sapindaceee), this paper. 

(d) Racemic inoekol was discovered in mistletoe by Tanret in 

* Annales de ohimie et de physique, xlvi., 1856, 06. 
t Oomptes renduB de TAoad. dee Solenoes, oix., 1889, 908. 

t de Jong, 1906, thro. Wehmer's '^Dfe PflansenstoffiB.^’ 

I Ptokles and Whitfield, Froo. Chem. Soo. Lond*, 1911, 54. 

llBoucqueiot et Fiohteiihols, Journ. pharm. et de ohimie, Paris, vi., 
1912, 846. 
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1907.^ It was found to exist fn*e in the lierries and leaves, and 
associated with much (ineso) inactive iiioHitol, but no active 
isomera were present. 

Thr Activk Forms ok Inositol. 


The following Table shows the physical constants by which 
the active forms and their coi]i{H>uiids aix; identifier!. 



1 

inc]tin}<-point. 

. i 

npec. mt. 
pou'or. 

(1) iHxtro-mHhi^ tnUr. 

1 

1 


From PinuH (Maquenne) 


1 e.'i-.’i 

Films (Ckimbes). 

irh:) 

65*7 

caoutohouo (OonilMss) 

187 

66 

oaoutohouo ((liranl 

181 

64*7 

(2) tsttr. 



From Quebrooho (I'aiirot) 

' 

-80 

Rubber (Fiokles and Whitfield) 

191-2 ; 

80 

Cf revillea (Bourquelot). . 

190 

80’.S 

Heterodendron Hhis papoi*) . 

190 

80*2 

(3) 



From pinite (Maquenne) . 

247"(’. 1 

+ 65 

pinite (Berthelot) 

245 1 

.— 

oaoutohouo (OomlieH) 

246 

67 6 

oaoutohouo (Girard) 

235 

64*7 

(4) IjCRvo-immUd, 



From Quelmioho (Tanret) . . 

2;«"u. 

65 

Quebraohu (Maquenne) 

247 

6.) 

Rubber (Piokles and Whitfield) 

2.17 

— 

Grevillea (Bourquelot) 

247 

65 

Heterodendron (this paper) . 

298 

64-8 

Table showing the amount of iix 

Bthyl lievo-inoHito! obtained 

from the diflbrent sources: — 




O’ 1 % »f dried leaven. 

Htvea hroMlimsin rubber 

(2*5% of the rublier). 

€frt^nllta rfjfmata . 

0*4% of dried leaves. 

Htlenidtndirm 

0*66% of dried loaves. 

From the first Table, it is apparent that the 

hevo-methyl 

inositols (2) from the four different sources, have identical melt¬ 
ing-points and specific rotatory powers, and therefore, in all 

probability, represent one only of 

the three possible stereo- 

iaomeiB previouely mentioned. 



* Oomptes rendus do TAosd. des Soienoes, oxlv., 1007, 1190^ 
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When conveiied to Iwvo-inotfitol (4), however, there would 
ap|Hw to be two gi*oup8 of melting-point ftgui'eB, one 1(V* higher 
than the other, but Minci} theio ean be only uno poHsible Mnoeitol, 
this diifoi'enee inuut be otlierwiKc explained. 

Tlie "Fable also shows that while the dexti\>- and Iwvo-inositols 
(3 and 4} aie optical aiitiiKKles of one another, their esters (1 and 
2) ai'e not. The optical pioperties especially are so very diver¬ 
gent that, in all pmliability, the methyl group ficcupies a different 
|X)sitiuii in the two compounds. Tlie compound isolated from 
Ueterodendroii is, therefore, shown nut to be an optical isomer 
of Maquenne’s pinite. 

BlOCUKHlCAL IlKLATlOKSHlPS ANO SlONlFlCAKCR. 

(a) The chemical —Since tlie researches of Maqucuue, 

cited in the previous paragraphs, no subsequent work has shown 
any relationship between the inositols and the carbohydrates, 
other than the sweet taste and the molecular formula common to 
both. Perhaps one exception to this is found in Neuberg’s iden¬ 
tification of furfural among the products of decomposition, when 
inositol is boiled with acids.* Although furfural is also obtained 
from the hexoses and heptoses in small amounts (about 0*2%), it 
is characteristic of the pentose sugars. It must be also remem- 
beixxl tliat the production of furfural is the basis of Molisoh*s 
group-test for alt carboliydrates, and with this reagent the 
inositols gave negative results. 

However, it seems probable from the I'esults of many workers 
that the hexamethylenes form a kind of stepping-stone between 
the open chain compounds and the true bensene ring derivatives. 

0pm cham compe. (Jlo9td ring eomp$, 

hexose sugars heMmeihylene derivB* Bmanhe derirs, 
dulcitol quercitols phenols 

mannitol inositols 

sorbitol 

Tlie hexamethylene derivatives are much more easily decom¬ 
posed than the simple bensene compounds. In facti it has been 


Biobhem. ZeiUnbrift, ix., 19^8, 561. 
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found by Drechsel that fungi and bacteria may be grown in noIu- 
tions of the former, especially the oxulisecl forms quercitol and 
qninic acid. It has also been proved that when phenol is ex¬ 
posed for some time to the alternating electnc current, it is first 
converted to hexamethylene derivatives, before* being finally 
oxidised and split up into various fatty acids. ^ 

Though there aro many instances of the closing up of t»pen 
chain carbon compounds into ring compounds, such as the con¬ 
version of citral into cymol, the cyclo-citrals, and terpenes; 
geraniol into dipentene, etc.; yet no such conversions have l)ecn 
accomplished between the carbohydrates and the inositols 
OrifHn and Nelson, in their researches on inositol and pinite, 
tried by various methods to close up the hexuse chain, and to 
(»pen out the inositol ring, but were entirely unsuccessful.f 
(b) The biochemical aepect* —On the other hand, in favour of 
the biochemical possibility, there exist the important observa¬ 
tions of Neuberg; that quercitol and inositol may be reduced in 
a few minutes to open chain carbohydrates (reducing Fehling’s 
solution, etc.) by the action of sunlight and a catalyser sucli as 
uranium salt, also by the action of the alternating current.| 
These processes, however, are all reverse reactions, resulting 
in cleavage of the hexamethylene ring. Concerning the dii'ect 
synthesis—carbohydrate to inositol, we have no evidence at all, 
and Maquenne had no experimental basis for his belief that the 
aloohol 'manmtol was the source of inositol. 

Bosenberger observed the appearance of inositol in post mortem 
tissues, where previously no inositol existed; and he assumed the 
prMxistenoe of an ^Mnositogen" from which, by enzyme-action, 
the inositol was formed.^ 

The inactive inositol combines witli inorganic phosphates, and 
in this form exists as ^^phytin'^ in nearly all living organisms. 
This substance is always accompanied by the enzyme phytase, 

* Jearn. fflr piakt. Ohemie, xxxTiii., 1888, 65. 
t Joum. Amsrj Ohem. Soo., xxxvii., 1015, 1652. 
tBiobhenu Zsltsohrift, xiii., 1008, 808. 

* I Zsitsohiift fUr physiol. Chemie, Ivi., 1008, 373, 
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which effects its eleava^ and yields inositol again, in the free 
Ntate. StarkerisU'ifrs irn estigationN show that the Hounee of free 
inositol ill ti shuck \h the phytin, and that inositol is a decompo- 
Kitioii‘pi*uduct of the phosphoric acid inetaliolisin in Ix^th plants 
and aniiimlH.'**’ Indeed, much work has lieen done in elucidating 
the conditions of this transformation on the side of the phosphoric 
oi'id, hut again, as to tlie inositol side, nothing is known. 

Tlie few definite observations concc^rniiig the part playitcl in 
metabolism, hy inosit^il, are here summarised: — 

1. In uvrifiit^ inositol and quercitol accumulate just at 

the time when the transpttrtof carliohydrates to the fruit begins. 

2. As thoyrwiV ripeiut^ Void observed that inositol and quercitol 
disappear, and are changed into **phytin'’ (not carbohydrate). 

3. On the yei'minntion of tkp inositol again makes its 
appearance, lioth when grown in the dark and in the light. 

4. During the metabolism of the growing inositol disap< 

pears gradually with the rest of the reserve-substances. 

lliiis it comes in at the beginning and later passes out again, 
without a clue to its precursors or katabolites. 

When fed to animals, or injected into the bluod-stroaro, inositol 
is about three-fourths decomposed, and the remainder may be 
ivcovered from the urine unchanged. Mayer injected large doses 
into mbbits, and obtained, from the urine, racemic lactic acid. 
It is likewise decomposed by fungi into butyric and lactic acids. 

This inactive inositol, which occurs so widely in fresh green 
plants, has been shown by many workero to be present in much 
larger quantities in young growing plants (and animals) than in 
the adult forms. It almost entirely disappears from plants when 
they are slowly dried. 

The esters of active inositol, on the otlier hand, do not vanisli 
on drying the plants. When we consider the great rarity of 
their occurrence, and the fact tliat the active forms have never 
been identified in nature as free inositol, it almost leads one to 
assume for them a diflbrent origin. Such an origin would be 
more in common with that of certain well known plant-oon- 

* Bioohsm. ZeitMbrift, zxa,, 101), 06. 
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BtituentNf which also possess side chairiK in the 1. 2. 4. positions 
on the benzene ring, corresponding to the [Kmitions of the 
hydroxyl groups of the active inositol esters: a few of these may 
be mentioned, such as vanillin, eugiuiol, safrol, coniferyl alcohol, 
protocatochuic and caiTeic acids. 

In conclusion, the author desii'os Ut expi'ess his indebtedness 
to Professor Sir Thomas Anderson Htnart, in whose lalsiratorv 
this work has been done. 


Summary. 

The endemic Australian plant, IhtttrtHleadron ohee/dium i>esf., 
Family Sapindaceie, contains the methyl ester of licvi^rotatory 
inositol. 

The amount isolated was equivalent to 0*65% of the dried (at 
lOOT.) leaves. 

This substance is not optically isomeric with the pinite of 
Maquenne, which is the methyl dext 1 ' 0 -inositol, pfwsossing a 
different melting-point and optical rotation. 

It is apparently identical with Tanret’s qiiebrachite, and has 
been previously recorded from three plants only— Aaindo^pt^^nia 
7u«6racAo (Apooynaoeip), llevea braaHwisut (Euphorbiaoete), and 
€hrevUl€a rcb^fsta (Proteaceie). 

The occurrence of this compound is, therefore, exceedingly rare, 
and is in great contrast to the occurronce of inactix^ inositol, 
which exists as a plastic substance in most plants. 

li€terod€ndfiH>n also contains a cyanogenetic glucoside. 
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AN ACCOUNT OF HOME OBHERVATIONH UPON THE 

LIFE-HISTORY OF PHOMA VITRICARPA MoAlh., 

Thr Caiihk op thk “Black Spot” Dirrabr ik Citrus Fruit in 
New South Walks. 

By G. P. Darnrll-Smitii, D.Hc., F.I.C. 

(Plates Ixxxiv.-xc.) 

Historical. 

A. H. Bensond) briefly described the symptoms of a disease, 
to which he gave the name of the Block Spot disease of the 
Orange, in 1895. He stated that it was probable that it was 
identical with a disease of the orange in Europe, that had been 
alluded to by Sorauer, under the name of “Schwarts” or block 
disease of the orange. There is little doubt, however, from his 
flgiire, that it was the disease caused by Phoma citriiarpa 
Me Alp., with which Benson was dealing. Benson records the 
disease as occulting at Seven Hills, Castle Hill, Dural, the 
Kurrajong, and Binu Plains. 

N. A. CobbO) described the Black Spot Disease of the orange 
in 1897. He gave some excellent figures of affected fruit. He 
also figured the spores. According to Cobb, “ these spores arise 
after the manner of those of the genus It is pos¬ 

sible, therefore, that the Australian form is the Colletotriehum 
aduBtum of Bllis.” He further stated that the spores were borne 
in large numbers in tandem-faishion from the mycelium at the 
base of the interior of the pycnidiuro in a manner entirely similar 
to those of the Bitter Rot of the apple, and gave the sixe of 
spores as 7-H x 10-16fi, 

The fungus causing the Black Spot Disease of Citrus fruit was 
described as a new species under the name of Phoma eiirioarpa 
by D. HcAlpine, in “ The Fungus Diseases of Citrus Trees in 
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Australia,”(8) November, 1899, and recorded in Vol. xvi., 854, 
of Saccardo's Sylloge Pungoruin(i). Me Alpine appears to have 
written a letter to Saccardo, in which he stated tliat the Phma 
looked somewhat like a Phyllotiiieia, 

In the Melbourne Herbarium there are a number of specimens 
marked PhyUoHieta eitricarjia —see Phoma, As no PhyUontictu 
eitriearpa appears to have been described, it is probable that it 
is to the letter written by McAlpine that Soccanlo refers in his 
footnote.* 

MoAlpine states that the Anthracnose disease in Florida, due 
to CiMeMriahum aduBium Ellis, and the black disease of oranges 
in Italy known as “ La Nebbia,’* due to the fungus PleosfMfra 
heiperxdearutn Catt, are quite distinct from the Black Spot dis¬ 
ease of Oranges found in New South Wales, due to Phoma 
eiiriearpa McAlpine. 

He states that the disease has not been met with in Victorian 
orchards. 

Me Alpine’s description of the fungus is as follows: Phoma 
citrioaflrpa^ n.sp.—Spots dark brown, at first whitish or greyish 
towards centre, but may ultimately become of one uniform 
colour, round, sunken, solitary or confluent, varying in site from 
1 mm. to 5 mm., and, when confluent, forming large irregular 
patches (} in. or more)." 

** Hyphfs permeating rind, hyaline, septate, branched, 4-5|/i 
broad/' 

** Peritheoia, solitary or in groups, somewhat circularly 
arranged, minute, black, but dark brown by transmitted light, 
punotiform, globular, erumpent; pore about SO/a diameter, 
although it may be somewhat dliptical, 100-120/a diameter. 
Sporules hyaline^ somewhat variable in shape,' elliptical to ovate 
or even pear-shaped, with conspicuous granular contents, 8-11 x 
4|-6/^ average x 0|/a. (Stained a light green by potassium- 
iodide-iodine); bMidia hyaline, slender, about 6/a long." 

**Oii ripe or still green Oranges, Lemons, and Mandarins, 
wintsr, q^ring, and summer, New South Wales." 

* For this information, I sin indebted to Mr. C. C. Brittlebank, Plant 
PMhekigftit to the Departesnt of Agrioulture, Viotoris. 
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**The round, sunken, conspicuous spots are generally of a 
ruddy-brown tint, and paler in the centre where the pustules are 
seated.” 

** This is a distinctive species in the small size of the perithecia, 
as well as in the size and shape of the sporules.” 

N. A. Cobb(fl), in 1904, described some attempts to germinate 
the spores of Phoma cit%*icarpa. He states that - ** The spores 
of this disease do not germinate under the laboratory conditions 
ordinarily brought to bear in their examination, and, in this 
respect, they differ from most spores found in connection with 
prevalent fungus diseas&s. The following observations, though 
they are inconclusive, are inserted here out of regard to the 
rarity with which I have observed these spores to germinate. . . . 
Spores of this fungus were ringed in a small supply of water and 
numerous air-bubbles. After twenty-four hours, the spores had 
failed to germinate in those parts where they were completely 
surrounded with water. Spores located at the edges of air- 
bubbles where, on one side, they had access to air, each sent out 
into the air a single very fine unbranched mycelial thread about 
*one micromillimetre wide, though slightly wider at the free end. 
The mycelium was colourless, and so fine as, under the circum¬ 
stances, to preclude observation as to septa; none were seen. At 
the end of twenty-four hours, the length of these hyphse averaged 
several times the length of the spores.” 

Qsnbral Symptoms of thr Dibsasx. 

The disease, which is now commonly known in New 14outh 
Wales as Black Spot or Anthraonose of Citrus Fruit, appears as 
minute black spots upon the foliage throughout the year. Upon 
the fruit, it is seldom seen till the beginning of August. In 
September, particularly after hot westerly winds, it may quite 
suddenly make its appearance upon the fruit throughout an 
orchard. Dark brown, irregular spots first make their appear¬ 
ance upon the skin. 'Ilie spots vary in size from one-eighth of 
an inch or less to half an inch or more in diameter. Later, these 
become depressed, and some may become oonfluent. The inner 
part of the spot next becomes of a light oream-oolour, and some- 
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what parchment-like in texture. Shortly after, minute black 
pycnidia are formed beneath the surface; and, breaking through, 
form small irregular Assures or minute holes, ut which points the 
spores are discharged through the necks of the pycnidia. 

The disease almost invariably makes its appearance on the 
sunny side of the tree, and upon that side only of the fruit which 
is exposed to the sun. So constantly is this the case, that, in 
an affected orange, it is almost always possible to draw an equa¬ 
torial line dividing the sunny from tho shaded side of the fruit, 
and, on the former side only, will black spots be found Even 
on the sunny side of tho tree, if the fruit is well shaded by 
foliage, it is seldom affected by tho disease, even when exposal 
fruits around it are badly marked. 

That the rind has some principle that may inhibit the growth 
of spores, is suggested by the incidence of the disease in the 
various varieties of citrus fruit. It is common on the orange 
(navel, valentia, siletta), it is found less frequently on the 
Emperor mandarins, and quite exceptionally upon the thoniy 
mandarin. 

The infection of the fruit only upon one side of the tree sug¬ 
gests that it may be related to the prevailing wind, or to the 
elRsct of too much sunlight or heat upon the rind 

The development of the disease only upon the sunny side of 
the tree indicates that it is the sun, rather than the wind, that 
exerts an influence. 

To test the eflbct of diminishing the amount of sunlight fall¬ 
ing upon the trees, and to protect them from scorching winds, 
two trees in an orchard were completely covered-in with hessian 
in the form of a tent. They were covered in at the beginning 
of Jane, that is, at the commencement of the ripening period. 

The fruit on these trees did not show black spot on the fruit 
for two or three weeks after the uncovered ones, and then the 
spots developed very slowly, remaining a dull brown colour; and 
they did not pit the fruit to such an extent as fruit exposed to 
tile weather. The spots upon uncovered fruit soon become black. 
The following season, two trees were protected from the sun by 
putting up a screen of hessian upon the sunny side only. Here 
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again, the disease was slower in developing upon the fruit, and 
the spots remained of a dull brown colour. Since dew would be 
just as heavy upon one side of the tree as another, its action, 
except in ooiijunction with the sun, may be left out of account. 
As ragards the wind, the prevailing winds would tend to blow 
spores upon the east side of a tree in the Gosford district, where 
these observations were carried out; there is very seldom a north¬ 
west wind. 

The spores from infected leaves, falling upon the fruit, become 
uniformly distributed in the dew-drops. This uniformity of dis¬ 
tribution is shown in the equidistant positions that the ripe 
spores take up, when introduced into hanging drops. 

From the foregoing considerations, it seems probable that the 
spores distributed on the surface of the fruit effect an entrance, 
with their germ-tubes, into the rind, when its natural inhibiting 
power, due to physical or chemical causes, has become impaired 
by exposure to the heat of the sun. 

Culture of the Fungus. 

By successive transfiortation of groups of spores to sterile 
tlrops of water, isolated spores were obtained. These were trans¬ 
ferred to various oulture-mediai and pure cultures in Fetri-diahes 
or test-tubes, were at length obtained. These were grown in an 
incubator at a temperature of 2i^G. The media in which the 
fungus was moat successfully cultivated were ordinary nutrioDt 
agar, glucose-agar, and agar impregnated with watery estraot of 
orange-peel. The growth of the fungus upon each of these three 
media is very diflerent. 

Upon ordinary nutrient agar, growth proceeds very slowly. 
Little patches of dark brown hypbss arise^ creep over the mediam, 
and penetrate it. But they seldom travel far from the site of 
inoculation, and, if several spores have been introduced into a 
Petri-dish, it is possible to oWin several isolated plants before 
the hyphe have become interlaced. 

Upon glueose^igar, the other eRtreine is reached. The plRiit 
grows so luxuriantly, that, in a test-tube^ the agar quickly 
becomes a carbonaceous-looking maii^ ftllsd with queatities of 
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dark brown hyphse; on the surface, aerial hyphe are &cnt up, 
covering the whole with a light grey mycoliuin (Plate Ixxxiv., 

flg.l). 

Upon agar impregnated with water-extract of oraiige-poel, an 
intermediate type of growth was obtained (Plate Ixxxiv,, fig 12). 
The fungus grew well but not luxuriantly, and there was little 
production of aerial hyphn. 

In these cultures, pycnidial formation began after al)out seven 
days, and ripe spores were obtained after thirteen days; but, in 
the glucose-agar, where growth was luxuriant, spore-prodiiction 
was much delayed. 

PaODUOTlON OF PVONIDIA AND SpOltES. 

When grown upon a medium that is thoroughly moist, the spores 
that are formed in the pycnidia are expelled, and appear upon 
the ostiole in a mass. This mass is whitish in colour, viscid and 
sembtranslucent. Usually it is globular, but it may take the 
form of a truncated cone. When placed in water, the spores Ho 
not readily separate from the mass. These spore-masses may be 
found in nature if the fruit is continually surrounded by a damp 
atmosphere. Much more generally, however, the spores are 
produced in pycnidia surrounded by a dry atmosphere. They 
do not then emerge till a drop of moisture falls upon the pyeni- 
dium, whereupon they escape in a thin stream. Observed in a 
hanging drop, they are seen to separate and spread themselves 
at spaces almoet equidistant from one another over the surface 
of tiie drop, as if they were mutually repellant; and no two 
spores are found to remain in juxtaposition. This separation is 
probably brought about by surface-tension. Normally, the pyc¬ 
nidia are produced upon the peel of oranges, and the ostioles 
open at the surface. A surface-view of a pycnidium, with an 
ostiole in the centre, is shown in PI. Ixxxv., fig.3. 

It, however^ aflboted oranges be kept under a boll-jar, and 
remaili free from attack by other fungi, they shrink somewhat, 
and tftiB peel becomes harder. The mycelium of the fungus 
penetmki the whole of the pulp^ which becomes black in colour, 
ilad pfsntdia an formed in abundance throughout the tissue. 
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The hyplin oven penetrate the outer coat of the testa of the 
seed, and pyenidia are there produced (PI. Ixxxv, fig.4). A 
somewhat similar phenomenon is observed when the fungus is 
grown upon an orange riiid'CXtract agar-slope in a test-tube. At 
first, the mycelium grows near the surface, and pyenidia are 
proiluced there; but, later, the hyphw procluce submerged pyc- 
nidia, wiiich may eject ttieir spores as spore-masses into the 
surrounding medium; in these cases, the ostiolc appears to have 
no particular orientation. 

It is noteworthy that oranges affected with i^Aoma citriearpa 
and free from any other disease, if kept under a bell-jar, give off, 
in the course of several days, very little moisture; but if they 
aro attacked by Penicillintn italicum (to which attack they are 
peculiarly liable in the pi'eseuce of Phma citriearpa)^ a largo 
quantity of moisture condenses upon the surface of the bell-jar 
in a few hours 

Sthucturk of the Mtcelium. 

The mycelium exhibits much diversity. The extreme tips may 
be pointed or round, the hyphie being thin, hyaline, and almost 
devoid of septa. Further l)ack, the hyphie become somewhat 
suddenly thicker, the septa become more numerous, and the 
colour is olive-green. Jn the older hyphss, the septa arh very 
numerous, the colour is dark greenish-brown, and the contents of 
the cells granular; the cells may be oblong, or round, and often 
carry numerous, short, round, protuberances (PI. Ixxxr, flg.fi; 
PI. Ixxxvi, fig<6). 

Structure of tbr Sporrs. 

Two kinds of spore are produced. Both kinds may be pro. 
duced in a pycnidium or one kind only. They diffbrconsiderably 
in size. The large spores are those described by McAlpine^ 
whose meoflurements, in regard to the size of these spores and 
the pyenidia, I can confirm. These spores are usually hyaline, 
with granular contents; they have, however, frequently a greenish 
hue. The cell-wall is very thin. They may have one or two 
nuclei, generally there are two, and these are plaoed opposite to 
one another adjacent to the cell-wall in the region midway 
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between the ends of the cell; frequently they are joined toji^eihcr 
by a narrow band which stainsdeeply with haamatoxylin. When 
the spore is ai)out to germinate, the protoplasm becomes much 
vacuolated and the nuclei appear to fragment (PI. Ixxxvi,, fig.7) 

The second kind of spore, which has not lieen previously de¬ 
scribed, is much smaller, measuring only 7*5 x I '6/a. 

The extremities are usually slightly thicker than tlie middle, 
the spores being somewhat dumb-bell shaped. 

The spores have the following dimensions : 

L. length, c. centre-width. E. broade&t>end. 

Range: (L.) 6*0 - 9*3 x c. (1*0 - 2*0) x E. 1*3 x 2 O/i. 

Average: (L.) 7*5 x c. 1*3 x £. 1*6/a. 

A highly refringent granule is usually present at each end. 
Sometimes there are three or four granules pi*esent, or there may 
be nonoat all. The spores themselves occasionally have the form 
of simple rods, or they are inoniliform or hourglass-shaped. If 
present, they are discharged from the pycnidia with the larger 
spores in the viscid masses previously referred to, or they may 
be discharged in a stream from a ripe pycnidium when moistened 
(PI. xc., fig.25). They do not separate fi*oin one another in the 
manner of the larger spores; indeed, they sometimes lie side by 
side like rouleaux of red blood-corpuscles (PI. Ixxxvi., figs.S, 9). 

As I have not been able to induce these spores to germinate, 
or to determine their functions, I shall speak of them as *'x*’ 
spores. 

The presence of spores in the pycnidia of various Sphm- 
rop%idm is known in a few genera. 

P. A. Wolf(6), in describing A$eochyta hortonm^ which was 
formerly known as Phoma so7ant, states that, in the pycnidia, he 
finds typical oonidia, 6-10 x 3*5-4/a, together with *‘a second type 
of spore which is hyaline, continuous, frequently curved or 
hooked at one end, 14-17 x 2-2'5/a. These spores may occur in 
the pycnidium together with the pycnospores, or alone in other 

pycnidia.”.He continues, '* Morphologically, at least, they 

are identical with the stylospores of Nitschke in Diaporihs, the 

B ” spores of Diedicke in PAomepsts, the scolecospores of Spear^ 
and theparaphyses of Reddick in Fuitcoccum, the pycnidial form 
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of Cytoiporella vUieola. Only failure has thus tar met the 
various attempts to germinate these bodies.'’ 

Germination of the Spores. 

The normal pycnospores do not germinate readily in water. 
After several days, a few may send out an attenuated hypha, 
which seldom develops branches, and soon ceases to grow. 

In a nutrient solution (containing ammonium nitrate, 1*0 gram; 
dihydrogen potassium phosphate, 0*5 gram; magnesium sulphate, 
0*25 gram; iron chloride, trace; cane sugar, 5*0 grams; water, 
100 c c.) the spores assumed a dark olive green colour, and only 
a few commenced to germinate after several days. The hyphn 
produced were a very dark green colour; they appeared stunted 
and unable to elongate (PI. Ixxzvi., fig. 10). When a solution of 
equal parts of peptone-water and this solution was tried, ger¬ 
mination was somewhat better, but unsatisfactory. In an 
aqueous extract of orange-peel, however, the spores germinated 
freely. The rapidity with which the spores germinated in this 
medium appeared to depend largely on the age of the spore If 
placed in the solution immediately they were discharged from 
the pyonidiuro, the spores had produced a germ-tube in twelve 
hours. If, however, the spores were three days old, they took 
several days to germinate; and, if much older, many of them 
failed to germinate at all. 'l*he germinating spore usually sends 
out a germ-tube from the side, but it may produce a germ-tube 
from one end, or from both ends simultaneously. The granules 
in the spore assume a greenish hue, and pass, for the most part, 
into the germ-tube. A septum may be produced in the germ- 
tube early, or the production of septa may be deferred (PI. Ixxxvi., 
fig. 11). *ilie liypbsa soon branob, their ends being at first round, 
and, immediately behind the tips, the cell-contents are usually 
highly granular (PI. Uxxvi., fig. 12). 

By taking special precautions to prevent the hanging drop 
from drying up, and to have every part of the apparatus and 
instruments used sterile, I have been able to follow the develop¬ 
ment of a spore in a banging drop from the production of a germ- 
tube to the formation of a pyonidium by tiie myoelium, and tjhe 
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discharge of spores from this pycnidium. Such a pycnidium is 
shown in PI. Ixxxvii., Hg.l3. A noticeable feature of thohyphea 
is the ease with which they anastomose. Anastomosis may occur 
in two wa 3 rs. A branch from one hypha may grow out and fuse 
with another lying parallel or nearly parallel to the one from 
which the branch originatedi or branches may arise from two 
adjacent hyphn, approach each other, meet, and fuse. Examples 
of this are seen in PI. Ixxxvii., fig.13. The pycnidium here 
figured took a little over three weeks to form, and ultimately 
discharged “x” spores only. In other hanging drop cultures, 
where normal pycnospores have been discharged, they have never 
been observed to germinate, without transference to a fresh 
medium, the mycelium having apparently exhausted the medium 
upon which it was growing before the production of pycnidia. 

Dbvblopmbnt of thb Ptcnidia. 

By means of cultures in hanging drops, and serial sections of 
cultures upon agar, it has been possible to follow the develop¬ 
ment of the pycnidia in detail. 

The beginning of pycnidia-formation consists in one or more 
adjacent byphae producing lobulatod branches of much greater 
diameter than the ordinary hyphee (PI. Ixxxvii., figs.H, Id). 
These lobulated branches stain rather more deeply with h»ma- 
toxylin than the ordinary hyph». The lobulated branches become 
greater in number and interwoven, and mauy septa develop (PI. 
Ixxxviii., fig8.l6,17). This leads to the formation of a Arm, com¬ 
pacted pseudoparenchyma; the protoplasm which linos the cell- 
walls contains numerous deeply-staining particles, and becomes 
especially distinct (FI. Ixxxviii., flg.l8). 

Soon, tlie parenchymatous body is distinguishable into outer 
layers of small, thick-walled, brownish cells; and an inner regifin 
of larger, thin-walled, parenchymatous cells. In tlie inner region, 
we, later, find groups of liyphie with thin lumina, and, in their 
place, arise, at a later date^ the loculi of the pycnidia. 

In the transition-stage from parenchyma to hyphm, the walls 
of the parenchymS'Oells frequently appear to be dissolved, and a 
mass of nakM pretoplasm, with deeply-staining graliules, is seen 
fig.l»). 
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The fullowing stagcfi may be disiitiguislied in the production 
of a pycnidiuin :— 

1. I^roductioii of lobulated hyphe, which become interwoven. 

2. Formation of a psoudo-{Hi,ronchyma. 

3. DiBsolution of ccll-walleof the peeudo-parenchynia at certain 
foci, followed by formation of hyphie. 

4. Establiiihmetit of loculi at those foci, into which sporeh are 
abstricted from the hyphie 

5. Gradual replacement of the pseudo-parenchyma by spore* 
bearing hyphw 

6. Shrinkage of the spore-bearing hyphie. 

7. Fycnidiuni completely full of spores homo upon attenuated 
stalks. 

The transition from pseudo-parenchyma to sporo-bearing hyphw 
is shown in PI. Ixxxix., Hgs.20, 21. A portion of the pseudo- 
parenchyma frequently lines the pycnidiuin until a late stage. 

In the natural state, when growing upon the orange, the 
pycnidiaare generally unilocular (PI. xe., 6g.22). But, in cultures 
upon oraiigu-agar, they are frequently bi- or trilocular, in which 
case, the loculi are surrounded by a conimon wall (PI. xc., fig.23) 

Tn bilocular pycnidia, portions of the inner parenchymatous 
tissue have become firm, and the groups of thin-walled hyphw 
have become separated. 

Pycnidial formation has been briefly descrilied in the case of 
Diplodia by Van der Bijl(7)i and in the case of Photna 
by W. B. Brierley(8). 

The origin of the pycnidium by the interlacing of lobulated 
hyphai with the formation of a pseudo-parenchyma is very similar 
in Phoma cxiricarpa and The later stages in the 

development of the pycnidium of Ph, cxiricarpa resemble the 
description given of that of Diplodia zeas. The marked visibility 
of the protoplasm lining the cells of the pseudo-parenchyma, and 
the disappearance of the cell-walls previous to the formation of 
hyphse, described in the case of Pk. cxiricarpa^ is not mentioned 
by the authors quoted. 

The formation of hyphis from naked protoplasm is not un¬ 
known, as it occurs in the Myxomycetecr, when the capillitiniD, 
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consisting of a system of solid or of tubular tliroa<ls, appears 
before the spores are formed. The capillitiutn has been descril>e(i 
by Harper & Dodge ( 9 ), as originating in vacuolar spaces in the 
cytoplasm, which elongate and take on the tubular form of young 
capillitial threads. They find that the capillitiuiu is formed by 
the deposit of materials in the vacuoles from which the capillitial 
threads are formed; and that radiating threads run out from 
the larger granules, which are deposited by the process of intra- 
protoplasmic secretion. Those radiating fibrils suggest, rather 
strongly, that they are cytoplasmic streams which are bringing 
materials for the formation of the capillitial wall and its thick¬ 
enings, which are laid down as spirals, suggesting that the pro¬ 
cess is comparable witli the ordinary process of coll-wall forma¬ 
tion, but along internal plasma-membranes, rather than external. 

Dkvklopmknt of the Bporks. 

The stalks bearing the iioriiial spores are unicellular, hyaline, 
and rich in protoplasmic contents, sometimes excessively so. 

Paraphyses have not been distinguished, though stalks vary 
much in length; and sometimes old stalks, or stalks upon which 
the spores have not developed, have the appearance of paraphyses. 
The spore develops as follows 

The stalk elongates, and the spore is abstracted from its end; 
at this stage, the spore is pear-shaped. The stalk is slightly cup- 
shaped at its extremity occasionally, and uiii-uucleolate (PI. xc., 
fig.94). The spore increases in size, and becomes binucleolato; 
at the same time, the stalk shrinks to a mere thread. On their 
discharge, the spores may show no traces of their point of attach¬ 
ment; or each spore may havei still joined to it, a minute thread, 
ilie **x” spores develop by abstriction in concatenation from 
minute hyphss bordering the loculus of the pycnidium (FI. xc., 

ag,24). 

I am indebted to my assistant, Mr. W. A. Birmingham, for 
much careful work during the progress of this investigation. 

BUltllART. 

1. '*Blaok Spot" is a serious disease of Citrus fruits in New 
South Wales, due to the fungus Fhoma stfiHcatpa. 
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3. It develops only on the sunny side of trees, and upon the 
parts of the fruit exposed to sunlight. 

3. Phoma ciirieavfHJt produces two kinds of spores, normal 
pycnospores, and “x” spores. 

4. Normal pycnospores germinate readily in suitable media; 
it has not been possible to induce the spores to germinate. 

5. The details of the formation of the pycnidia, and of the 
pycnospores have been worked out. 

6. Spraying with Boidoaux (6 -4-50) followed up by spray¬ 
ings with weaker solutions, controls the disease. 

7. A study of tlie life-history of the fungus indicates that spray¬ 
ing need not commence till the fruit ie half grown* 
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EXPLANATION OF PLATES LXXXIV.-XC. 

Plate Ixxxiv, 

Phoma cUriearpa* 

Fig. 1.—Pure culture in gluoose-agar. The oultnra grows very rapidly, 
produoea numerous afirial byphis, forming a gregr-oedoored felt, bat 
doee not readily produoe pyonidia. 

Fig.2.—Pare oultare growing upon orange-rind-extraot agar. The oulture 
grows at a moderate rate, remeine dark In oohsar, produow fokr 
aerial hyphn, and forms pyonidia readily. 
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Plate Ixxxv. 

Fig.3.—Surface-view of a ps’cnklintn, flhowmg the oKtiole in tlw ooutre; 

(jc 480). 

Fig.4.—Beotiun of the toKta c»f an nraiiKe-Heo<l which lias been penetiatecl 
by the hyphie of Phonia vUnvar^M^ aiul in a Inch two Riiiall pycnulia 
have been produced, 

Fig.O.—Young hyphie, showing elongated cell; ( x 480). 

Plate Ixxxvi, 

Fig,8.—Old hyphie, showing dark brown-cidniircil cells, which are nioi*e or 
less circular, with numerous protuIterances; ( x480). 

Fig*7.—Spores in various stages of growth ; u, a young spore showing two 
nuclei; />, r, cf, spores about to germinate, showing vacuoles and 
fragments staining deeply with hfematoxylin. 

Flg.8.—"x" spores arranged in rouleaux. 

Fig.O.—"x” spores showing highly refringeiit dots. 

Fig, 10,—Pyonoepores germinating in nutrient solution, showing stunt-ed 
hyphie with a tendency to bud; ( x 480). 

Fig,ll.—I^onoi!poi*es germinating nunnally in orange-rind-extract, bIiow- 
iiig germ-tubes, septa, and granular contents; ( x 480), 

Fig. 112.—Kstablishmeiit of a niyoelium from % germinating spore; ( x480). 

Plate Ixxxvii. 

Fig. 18.—Formation of a pyonidiuni from the mycelium growing in a hang¬ 
ing dmp. Tlie hyphie of the mycelium are ■liow'ii anastomosing by 
the union of adjacent branches or by the direct fusion of one hypha 
with another by a branch; ( x 480). 

Figs, 14,15.—Formation of lobulated branches, first stages in the develop¬ 
ment of a pyonidium; {x 480), 

Plate Ixxxviii. 

FlgtlO.—Formatloa of lobulated branches, first stages in the development 
ol a pyonidiam; (x 480). 

Fig. 17*-^’Seotioa through a young pycnidium, showing the development of 
septa in the lobulated branches, and the establishment of a pseudo- 
patenohyma; {x480). 

Fig. 18,—Section through an older pycnidium, showing the protoplasm, 
with granular contents, lining the cell-walls of the pseudo-paren- 
ofayiiia;(x480). 

Plate Izxxix. 

Wig>lft. Section through a pycnidium at a later stage showliHj[ dissolution 
of the eeU-wallsof the pseudo-parenchyma before the establishment 
of epora-beariog hyphis; i x 480). 
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LfFE HlSTORT OF PHOMA CITRIOARPA. 


FigR.20, 21.^PortionH of seotions through a tnature pyonidium, fJiowing 
the outer layers of dark brown, thiok-walled oells, lined by the 
remaiiie of the pfloudo-parenehyma from whioh the apore-bearing 
hyphie arise; (x 480). 


Plate xo. 

Fig.22.—Section through a pyonidiuni upon orange rind. The pyonidium 
contains mature spores. Tlie slightly increased development of tlie 
outer layers of thick-walled, brown cells just beneath the ruptured 
epidermis, is noticeable; (x480). 

Fig.23.—Section through a trilocular pycnidium grown upon orange-rind- 
extract agar. There is a common outer covering, and the loculi 
are separated by walls composed of 6ne hyphie; (x 120). 

Fig.24.—Section through a pyonidium in which simres are being 
abstricted from fine hyphie; (x 120). 

Fig.25.—<iroup of normal p 3 *onospores and spores discharged from a 
pycnidium; (x 480). 
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THE OCCURRENCE OF AN INVERTED JlYMENIUM 
IN AGARICUS CAMPKSriUS, 

By O. P. DAttNKLL-SMiTif, F.LC. 

(Pktos xn.-xoiii.) 

T(i 1917, Home mushroom-growers, who were growing muHh- 
rooiufi on a large scale in an old disused rail way-tunnel, brought 
to me, for examination, a numl>er of mushrooms that were un¬ 
saleable on account of their appoararice. The inunhrooms were 
grown upon large beds of manure, the making of which I had 
superintended. The manure was fairly moist, it was lightly 
compacted, and the average temperature was 22‘’C. Both the 
stipe and the cap of the specimens were somewhat tough. The 
cap was quite unusual in appearance. Instead of having the 
normal, comparatively smooth skin, its surface was broken by 
one or morri black protuberances, l'25cm. or more in diameter, 
that looked like boils (Plato xci., lig.l). Tt was this appearance 
that spoilt the sale of the mushrooms. Samples of mushroofn- 
spawn from Sydney, from Adelaide, and from France, were grow¬ 
ing in the same tunnel, and providing normal mushrooms; it was 
only a particular sample of spawn imported from France that 
was giving rise to those abnormal specimens. A close inspection 
of the black protuberances showed that they were composed of 
sinuous, labyrinthiform gill-lamellaa (PI Ixci,, fig.2). They had 
the appearance of small inverted caps, but no appearance of a 
stipe oould be found. Sections through the cap showed that 
these structures were quite separate from the normal hymenium, 
which was present on the undersurface of the cap (PI. xcii., flg.3). 

Sections for microscopical examination were prepared and 
stained. They showed that the structure of the hymenium on 
the undersurface of the cap was quite normal. 

Sections through the hymenium on the upper surface of the 
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cap, however, showed it to be quite abnormal in character (PI. 
xcii., flg.4). They showed that the gills ” had a most irregular 
outline, that they varied much in width, and that many of them 
were hollow. Spores in abundance were produced, both on the 
external surface of the gills, and on the walls lining the internal 
cavities. These spores were produced upon enlarged cells, and 
home upon sterigmata, as in the case of normal gills. While, 
however, the normal number of sterigmata is four, cells bearing 
only one, or only two sterigmata were found, as well as cells 
bearing the normal number of four (PI. xciii., flg8.5, 6, 7), Crops 
of mushrooms, showing the abnormal development above de¬ 
scribed, are not unknown. W. A. Smith, according to Wors- 
de)l(i), found, on more than one occasion, crops of jnushrooms, 
every individual of which had an inverted cap on its surface. 
According to Worsdell, an inverted hymenium may arise (1) 
through the congenital formation of an inverted cap, or caps, 
from the earliest stage onwards on the upper surface of the 
primary cap; (2) through the formation of inverted caps by local 
invagination of the margin of the primary one. It is held, how*, 
ever, that these two variations really represent the same pheno¬ 
menon, of which (1) represents the final and completed stage of 
(2) arising congenitally and isolated. 

In my specimens, no trace of the formation of inverted caps 
by local invagination could be found. Moreover careful examina¬ 
tion of mushrooms in the ** button’’-stage showed, that these 
irregular gilMamellfs, on the upper surface of the cap, were in 
process of formation in the very earliest stages^ and long before 
the velum had separated from the stipe (PI. xciii., fig.7). There 
can, therefore, be no question of invagination of the cap in these 
specimens. 

The question arises, what light, if any, does this inversion of 
the hymenium throw upon the phytogeny of the Agarioacemt Is 
it an expression of a partial reversion to an ancestral cbaraoterl 

That certain spawn has partiottlar characters peculiar to it^ is 
the experience of professional mushroom-growers. In oommer- 
oial practice, under the inBuenee of the atinos|diere end the lieet 
of the manure-bed% the myoeliom gets weaker and weaker, and 
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eventually perisheB. '‘Virgin spawn” obtained from tlie fields is, 
therefore, transferred to beds of manure, where it spreads and 
auppUea the grower with a "frank spawn” for growing the edible 
mushroom. Rut "often twelve to fifteen kinds of virgin spawn 
as found in the fields or on heaps of refuse are discarded as use¬ 
less before a good strain is obtained”(2). That the production 
of inverted eaps was a feature inherent in the spawn under dis¬ 
cussion, is shown by the fact that all mu9hiH)oms developed from 
it produced abnormal caps, whereas mush 1*001118 produced from 
other spawn, under identical conditions, did not. 

This phenomenon, together with the characters of the 8p>ro- 
phores, lends support to the hypotheses that have been put 
forward as to the evolution of the cap, and as to the probable 
origin of the Agaricac^ese, which may be stated briefly as follows; 
(a). Evolution of thp cap 

1. The production of the horisontally extended, flattened cap 
form of fruit from an original, cylitidric, dome-shaped form. 

2. The relegation of the hyinenial tissue to the lower surface 
of the cap. 

8. The formation of "gills ” from the original pore or alveolar 
structure. 

(6). oj ilbc Agaricacea^ 

The most primitive type of fructification is prolmbly that of 
Olecorio, in which a eylindric or club-shaped branch is uniformly 
coveted with hymenium, which extends down the stalk as well 
tor some distanoe. 

"Oases in which the hymenium covers the whole of the upper 
exposed surCace, in the form of a semi-alveolar structure, or 
labyrinthiform giU-formation, are seen in TremeUa and Kama* 
tod thgse plants pertain to the Protobasidio-Myoetes; the 
Trei^UneiB have, according to Maire’s classification, branched 
off laterally from the Aurioulariaoeae, and it is from these latter 
that the Agarieacen and Polyporaoets have descended. 

In tMh OQunaotioa, it is interesting to note that, in one of my 
qmcimeAs thgt was fairly large, but was obtained in the "button- 
nrfllg*” fagleirg rapture of the velum, the whole of the upper surface 
of the wp {I covered with aporogenous tissue <Pl xciii., fig.9). 

h 
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Moreover, this sporogenoiis tissue is completely covered by a thi^ 
membrane, so that there can be no qftestion of its having attained 
its position through invagination. 

The examination of these abnormal mushrooms, therefore, 
leads to the conclusion, that they represent a partial reversion to 
an ancestral character. One would hardly expect a complete 
reversion; and that it is only partial, is demonstrated by tlie 
manner in which the spores are borne. 

The discharge and disposal of the spores in the Agaricaceie, 
according to Buller(4), are bi*ought al)Out, as follows: — 

The special conidiophore, or basidium, usually bears four 
spores, which are discharged successively, and each spore becomes 
violently detached. The violent discharge of the spores prevents 
the adhesive spores from massing together, and from sticking 
fast to the gi lb surface. At flrat, the spore is shot out horizon¬ 
tally; then, under the influence of gravity, it describes a sharp 
curve, and then falls vertically. The path described by the 
falling spore has been appropriately called a sporabola. After 
falling, under the influence of gravity, in the still air between 
the gill,lamell» till they reach the exterior, the spores are borne 
away by the breeze. Basidia, being four steriguiata with four 
spores attached, were found in my specimens in the inverted 
hymenium; and it is obvious that, if the spores were discharged 
in the normal way from the sterigmata and then started to fall 
un^er the action of gravity, they would not get free from the 
hymenium at all, but would fill up the spaces between the gills 

We have, therefore, a reversion to an ancestral condition so 
far as the macroscopic characters are concerned, with a retention 
of the modern condition so far as the microscopic characters are 
involved. 
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EXPLANATION OF PLATES XCI.-XOIII. 

Plate xci. 

Fig. 1.—Almormal muHhttioiu, showing pmUiljeraneeD of the oap. At the 
bane of the stipe, two HiiiaU ^'hiittouM'* are seen. 

Fig.2.—Abnormal nuislinium, showing liyiiienium on tlie Murface of the 
oap. 

Plate xcii. 

Fig.3.—Section of the seme. 

Fig.4.—Transverse seotifin through the hytiienium on the surface of the 
oap, sh<iwing the irregular character of the gills, am! tlie large 
spaoes in their interior; (x 120). 

Plate xoiii. 

Figs.5, 6, 7.—Uasidia bearing varying numbers of Hterigmata (4,2,1) from 
the hymenium in the surface of the oap; (x 480). 

Fig.8.—Section of small ''button” muoh enlargerl, showing iho formation 
of lens-shaped areas in the oap oontaiiiing sporogenous tissue before 
the separation of the velum. 

Fig.i).-*Seotion of a large "button" (nat. sixe), showing sporogenous tissue 
covered with a membrane over the whole upper surface of the oap. 
The velum has not yet split. 
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Papers and Proceedings, 1917(1918). 

Honolulu, T.B. 

Bernice Fauahi Bishop Museum— 

Memoirs, iv., 3, T.p.dce.; vii., 1(1917-18). 

IndlanopbllBi Xnd. 

Indiana Academy of Scibnobb— 

Proceedings, 1916(1916). 

La Fayatta* Ind. 

Purdue University Aorioultueal Exfbbiubnt Station — 
Bulletin. Yol. xx., Nos. 301-306 (1917).-Oifoalar No. 76 
(1917). 
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UTorpool. 

LIVKRPOOL BlOliOGIOAL SOCIETY - 

Proceedings and Transactions xxxi.(1917). 

LoDdon. 

Board of Auuioultuue and Fisubrtss— 

Journal of the Boanl of Agriculluie, xxiv, 7-12, xx% , 1-5 
(1917-18). 

British Musxuu (Natural History)-- 
Guides: Economic Series, Nos. 3 7 (1916-17;. -Fly- and 
M osqui to-Postei*s. - [War-Literature] 

GXOLOGIGAL SooiKTY— 

Quarterly Journal. Ixxii., 3-4; Ixxiii.i l-2( 1017-18). 

Linnean Society— 

Journal. Botany^ xliv., No.295(1917). 

List of the Society, 1917-18(1917). 

Proceedings, 129th Session, 1916-17(1917) 

Boyal Botanic Gardens, Kew— 

Bulletin of Miscellaneous Inforination, 1917(1917). 

Royal Microscopical Society - 
Journal. 1917,5-6; 1918, 1-2(1917-18). 

Royal Society— 

PhiloBopliical Transactions. Series B. ccviii., Noh.B 355-357 
(1917-18). 

Pi*ooeediiigs. Series B, xc., Nos.B 623-628(1917-18). 
'i^OOLOOIOAL BoCJSTY— 

Abstract of Proceedings. Nos.<72-183(1917-18). 

Lyoiw* 

SooiETB Botaniqus db Lyoip— 

Annaies. EExix.(1916). 

Madrid. 

Bnal Sooibdad Kspanola de Histoeia Natural^ 

Bolettot xvii., 8-10, T.p.&e.; xviii., 1-6(1917-18). 

Mamoriiw^ x., 9-10; xi., 1(1918). 
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IbuMhMtor. 

Manchebtcr Literary and Puilosopuioal SocietT'- 
Memoirs and Proceedings. Ixi., 2-3, T.p.«ltc.(1918). 

University of Mamohestek ■ Manohesteb Musedm— 
Fubiioatiotts of the Manchester Museum. No8.80-81(19J7). 

Manila, P.I. 

Bureau or Forrstry : Dept, of the Interior - 
Annual Report of the Director for the year 1917(1918). 

Bureau or Science of the Qovernhent or the Philippine 
Iblahdd— 

Philippine Journal of Science. Section A, xii., 2-6; xiii., 1-3 
—Sec. B, xii, 9-6; xiii., 1-5 —Sec. xii, 3-6; xiii, 1-4— 
Sec. D, xii., 4-6; xiii., 1-6(1917 18). 

Contents and Index of Vols. i.-x., 1906-16(1917). 

MarMlUas. 

Muses o’Histoihb Naturellr or Makbrillb— 

Annales. T.xiii.(1914); xv.(191&-16), 

MasHaohuMttH. 

Tufts College— 

Tufts College Studies (Scientific Series), iv., 6(1917). 

Malbooni*. 

Australasian Journal op Pharmacy— Vols xxxii., 384; 
xxxiii., 385-395(1917-18). /Vom tfte PMuhtr. 

Commonwealth op Australia: Advisory Council of Science 
AND Imdustht— 

Report of the Executive Cominittoe for the Year ended 
June 30th, 1918(1918). 

Commonwealth of Australia: Dept, of Trade and Customs— 
Fislierles: Biological Bmults of the Fishing Experiments 
carried on by the F.I.S. " Endeavour,” 1909-14. Vol. iv., 
Fhrts 6-6; v., 1(1918), [Raenved through iha Australian 
JfiMSum, 

Commonwealth Bubeau or Census and Statistios-^ 
Official Year Book of the Commonwealth of Australia. No. 
10(1917). 
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Pocket Goinpeiidiuni of AueiraHaii Statistics, 1918(1918) 
Dmpabtmbnt or Aobioultubx or Viotobia— 

Journal, xv., 12; xvi., M 1(1917-18). 

Report of the Ckiuncil of Agricultural Education, and of 
Dookic and Longercnong Agricultural Colleges (1918). 
Fibjud Natukalibts* Club or Victoria— 

“Victorian Naturalist.” xxxiv., 8-12; xxxv., 1-7(1917-18). 
Public Library, Musbuhs, Ac., or Victoria— 

Report of the Trustees for 1917(1918). 

Royal Aubtbalasian Ornithologists' Union-- 
“'Hie Emu,” xvii., 3-4; xviii., 1-2(1918). 

Royal Socibty or Victoria— 

Proceedings. New Series, xxx., 2( 1918). 

Univbbbity or Mblbournb— 

Calendar. 1918(1917). 

MmeIoo 

Instituto Qxoloqico db Mkxico— 

Anales. Nos. ii.-iii.(19I7-18) 

Jloletin. Nilin.36(1918). 

Medmuk 

La Nuova Notabisia— From the Editor, Dr. G.B.De Tont 
Serie xxix., Qennaio, 1918(1918). 

Mo naco. 

Mubxe Ocxanoobapuiqub or Monaco— 

Bulletin. Noe.S26-339(1917 18). 

NnntM. 

HOOtSTBpiaSOIMNCBS NaTUKKLLRBDK l'OuEST OK LA FRANCR - 

Bulletin, 8**.Hdrie, iv., 1-4, T.p.Ac.(1914). 

Now Bavon, OMin. 

OoNNBOTiouT Acadkhy or Amts and Scikncbb— 
l^naaetions. xxi., T.p.Ac.; xxii., pp.249-267,T.p.Ac.(19l8). 

Now York. 

AimioAN QaooBAPHioAL Sooixn— 
tiuograiphieal Review, iv., 6-6; v., 1-6; vi., 1-3(1917*18). 
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Amwcan Museum of Natural History— 

Bibliography of Fishes, by B. Dean, enlarged and edited by 
C. R. Eastman. Vol ii.(iU17). 

New York Academy of Soienoeb— 

Annals, xxvii., pp.215*243(1917). 

Ottawa- 

Qeolouical Survey of Canada— 

Map of Whilebum Gold District, N.8. (Piibln No., 1690) 
[1917]. 

Memoirs. N<i8.95, 99-103(1917-16). 

Museum Bulletin, No 27(1918). 

Paris. 

“Journal do Concbyliologie.” Ixiii., 2-4(1917-18). 

Museum d’Histoire Naturbllk de Paris— 

Bulletin, xl., 7, T.p.ttc.: xli., 1-7, T.p.Ac.; xlii., 1-8, T.p.Au.; 
xlii., 1; 1914-17(1914-17). 

SoClETE Emtoholooique db Framoe— 

Bulletin, 1917, lft-21, Tp.Ao.; 1918, S-M(i917-I8). 

SOOIETE ZoOLOUtOUE DK FrAMOB— 

Bulletin, xxxix; xl., l•IO,’^.p.<lM:.; xli. l'10,T.p.«iH:.(1914-16). 

Pavla. 

ISTITUTO BOI'ANICO DELL* H. UMIVEHSri'A DI I’AVIA - 
Atti. ii. Serie. Vol. xv., 1(1918). 

Psrth, W.A. 

Qeolooical Survey of West Australiat- 
Bttlletin, Nos.71 (Text and Atlas), 73, 74, 76(1917). 
Oovbrmmbmt Statistioiar, West Australia— ' 

Quarterly Statistical Abstract. Nob.207-311(1917-18). 

Phlladslyhla. 

Academy of Natural Soienobs— 

Prooesdinga lEix.< 1-^; Iu.« 1(1917-18). 

Entomblogieal News, and Proceedings of the Entomological 
Section of the Academy of Natural Soiences, xxlx., 1 

(WW). 
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Amkrioam Phii>osopbioal SOOtBTI— 

Proceedings. Ivi, 1-7, List, T.p.Ac.; Ivii., S-4(1917-t8). 
SSoolooical Socirty op Phii.adri.phia — 

Forty-sixth AniiusI Report of the Board of Directors, April, 
1918(1918). 

Plymouth. 

Marimk BioMXiicAr. Association op thk Unitru Kinodom— 
Journal. N.H. xi., 3 4(1917-18). 

PuM, Indlu. 

AaRiaULTCRAI. RmSBAROB iNaTITOTM— 

.Memoirs of the Department of Agriculture in India.—.^oc- 
teriologiral Strut, i., 7(1917).— Hotanieal Sttiet, ix., 8 
(1917). - Bntomologieal Strut, y ,4(1917).—Bulletin, Ros. 
72, 76,77(1917-18).—Report of the Agricultural Research 
Institute and College, Pusa, 1916-17(1917).—Report on 
the Progress of Agriculture in India for 1916-17(1918).— 
Report of Proceedings of Second Entomological Meeting, 
February, 1917(1917). 

Biohnumd, N.8.W. 

Hawkxsburt Aobioultural Collbge— 

H. A. 0. Journal, xiv., 12; xv., 1-11(1917-18). 

Bio do Joaolro. 

Bmoia Supmriok dr Aoricultvra r Mrdioina Vrtrkikaria— 
Arehivos. i,, 1(1917). 

ImmDTo OtWAtDo Crux-— 

Momorias. vUi., 8-3; ix., 1(1917-18)- 

BlvoraldB, OaL 

Qradoati Sohool op Tropical Aoriodlturr, amo Citrcs 
Bxpjbrihrrt Statiom (Collrqx op Aorioultdrr, Umi- 

yBRMTT OP OaLIFORMIA) — 

Futltoatieha. Vols. i.-ii.(16 Nos.)—Bulletin Mo.2SS, Ctdiege 
o(, Agrioolture, Agricultural Experiment Station,' Uni- 
vplsity of Oalifotnia Publications (1918). 
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00V1TI0M8 A)n> BX0HAWG18. 


Saa Fkmnolaoo. 

Califobnia Acadixt or Natural Soirmoir— 

Proceedings. Fourtli Series, ii., Pt. i., No.ll; Pt. ii., No.l2; 
T.p. of Vols. iv..v.; vi., 8-9, T.p.Ac.; vii., 1-13; viii., 1-4 
(1917-18). 

Sandal, Japan. 

Tohoku Imperial Umivrbsitt— 

Science lleports. Second Series (Geology), iii, 8, T.p.ibc.; 
iv., 3; V., 1(1918). 

Stookholm. 

Entoholooiska Forbninoen I Stockholm - 
Entoinologisk Tidskrift xxxviii, 1-4(1917). 

Spdnajr. 

Australasian Antakotio Expedition, 1911-14— 

ScientiAc Reports. Series C: Zoology and Botany. Vols. 

iii. , 2; iv., 3; v., 2-6; vi., 1 (1918). \^Reoeived through the 
Uuivereitg of 

Australian Museum • 

Annual Report, 1916-17(1917) 

Records, xii., 1-6(1917-18). 

Botanic Gardens and Domains, Stdnet— 

Annual Report for 1916(1918). 

Flora of the Northern Territory. By A. J. Ewart and O. 
B. Davies. With Appendices by J. H. Maiden, A. A. 
Hamilton, and E. Oheel. (Melbourne, 1917) 

Critical Revision of the Genus BurtUyptue, iii., T.p.Ac.; 

iv. , 3-6 (1917-18). By J. H. Maiden, Government 
Botanist, Ac. 

Bobbav or Statistics— 

ODeial Tear Book of New South Wales, 1916, Nos.17-20; 
1917, Noa.l-16(1917-18). 

Oaisr Sborrtabt’b Dbpabthrnt : Fishbrirs— 

Report on tiie Fisheries of New South Wales for the Tear 
1917(1918). 
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Drpaktmbnt of Aoriculturk, N.S.W.— 

Agricultural Gazette of New South Wales, xxviii., 12, T.p. 
Ac.;xxix., 1-11(1917-18).—Science Bulletin. Nu.lS(19l8). 

Dkpahturnt op Puuuc Hralth- 
lleport of the Director General fur the year 1916(1918). 

Education Dkpartnrnt— 

Education Gazette of New South Wales, xi, 12; zii, 1-11 
and two Supplcinents(1917-18). 

Education Dbpahtmrnt : Tkacurhs’ Oollrok — 

Kecords of the Edu<»tiun Society. Nos.28, 31-34, 36, 38 
(1917-18). 

Education Dkpartnrnt: Trchnicai, Education Branch— 
Annual Report, 1916(1917). 

Tecliirical Gazette of New South Wales, vii, 2; viii., 1 
(1917-18). 

Forkstrt Oommishion of Nkw South Walks— 

Australian Forestry Journal, i., 1-4(1918). 

Bulletin. No.l3(Aug., 1918). 

Maiden’s “Forest Flora of New South W’ales.” vii,,2(1918). 
Report^ 1916-17(1918). 

“Sylviculture.” Chapter i.(1918). 

Microscopical Socirtt of New South Walks— 

Rules, Ac.(i918). 

New South Walks Naturalists’ Society— 

“Australian Naturalist,” iii., 16; iv., 2-4(1917-18). 

Royal Sooibty of New South Wales— 

Journal and Proceedings, li., 1917 (1918).—Presidential 
Address by Dr. J. B. Oleland, May 1st, 1918(1918). 

Royal Zqoloqioal Sooiett of New South Wales - 

“Australian Zoologist,”!., 4-6(1917-18). 

“SotSETiFio Australian,” xxiii., 2-4; xxiv., 1(1917-18). From 
tk$ PtMiahtn Brot.J, 

UmvEBEm OF Sydney— 

Oalspdar, 1918(1918). 



900 


DOKATIOHS AHD BIOKAXOM. 


Taltaekii. 

BuBBAOor PaoDiTOTiva Industribs, QovRRiiiiKNTor Formosa, 
Japan - 

leones Plantarum Formoaanarnin. Vol. vii.(1918). 

Tokyo. 

CoLucoB OF SciSMOB, Impbrial Univbrritt or Tokyo— 
Journal, xxxvii., 9-10, T.p.J!c ; xxxviii , 6, T p.&c.; xxxix., 
7 8; xl., 1-6, 8; xli., 1-3(1917-18). 

Tokyo Zoolorical Society— 

Annotationes Znologicm Japonenses. ix., 4(1918). 

Toronto. 

Royal Canadian Tnstitutk— 

Transactions, xi., ‘i, T.p.iS;c.(1917). 

Townsvillo. 

Australian Institutb of Tropical Mbdicinb— 

Collected Papers, No.2(1917). 

Trlny, Borts 

Zoological Mubbuh— 

Novitates Zoologicn. xxiv., 3(1917). 

Tniilo. 

Institut Pabtbub ob Tdnib— 

Aruhives. T. x., 3(1918). 

UfetauM, HI. 

University or Illinois - 

Illinois Biological Monographs, iii., 8-4, T.p.Ao.( 1916-17). 
last of Books and Articles published by the Corps of In¬ 
struction, University of Illinois, May, l91S-April, 1916 

(B.d.). 

WnshlngtoB, D.O. 

Bubbau or Ahbbioam Bthmoloov— 

Bulletin. Roa.63, 66(1917-18). 

Oarnbqib Imbtitutb or Was«noto»— 

Department of Experimental Evolution: Annual Report of 
the Director, 1917 [Reprint from the Year Book, Eo.ari.J 
(1917). 



OOHATIOMB AND IXCHANOI8 


901 


DxrAHTMRNT OF HONNKRCR ; U. 8. CuART AND OrODBTIC 
SORVEir— 

Hypaometry: “Uae uf mean Sea-level an tlie Datum for 
ElMvationo." Ky E, LeKter Jones. [Serial No.60; Special 
Publication Nn.4l](I918). 

NaTIURAL ACAORMY op SotBNCRS — 

ProceeclinKfl. iii., 11-12; iv., 1-9(I9I7-I8). 

U. S. Department of AcRtcuLTURE—- 

Bulletin. Noh4S0, 491. aSS, SIC. &r.4, 571, 598, 009, 616, 
640, 64.1, 64'), 617, 671, 689, 707, 72S, 731(1917-18). 

Entomological Ilepriiits (13) from the Journal of Agricul¬ 
tural Reaearch, xi., 3, 8; xii., *2, 5, 9; xiii., l(twu), 3, 11; 
xiv., 2, 3, 5, 9(1917-18). 

Separate, No.747 : “A wastecl Sugar-Supply,” by E. F 
Phillipa [Year Book, I9t7j. 

Year Book, 1917(1918) 

U. 8. National Muhrcm 

Bulletin. Nos.71 Pt. vi., 98, 99 I’t. i., 100 Vol. i., Pts. i.-iii., 
101, 102 Pts i.-iii., vi., 104 Pt. i.(1917 18). 

Contributions from the U. S. National Iterlmrium. T.p.&c. 
of Vol. sviii.(1914-17); xx., 3(1918). 

Proceedings. li.-liii.(1917). 

Report for Tear ending June 30th, 1916(1917). 

WtUtactOD. M.8. 

Department of Minks; Nkw Esalanu Qeological Survkt— 

Bulletin, N.8. Nos.l9-20(19I8). 

PaUiontoiogical Bulletin. No.6(1917). 

New Zialand Hoard of Soibnce and Art— 

Bulletin, No.l(l918). 

N.Z. Journal of Science and Technology, i., 1 4(1918). 

New Zialanu Tnbtitdtr — 

TrEOsaetionB and Proceedings. xUx., 1., 1916-17(1917-18). 
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ooHinovs Ain) bzobanom. 


PRiTATR DOVOKS (snd authors, unless otherwise stated). 

Jawit, 0., Paris. -Four Pamphlets; (a) “L'AHemanee Sporo- 
phyto-Qamdtophytique de Gdndrations chez les Algues” 
(lamoges; 1914),—(6) “ Documents sur la Qnerre, Bulletin 
d’informal.ioii public par la Chambre de Commerce de Paris," 
Nos.20, 21 (191 fi).—(e) “Note pr41iminaire sur I’Oeuf du 
Volvox glolwtor ” (Limoges, 1914), 

.Mbyrick, £., B.A, F.R.H., Marlborough, EnglandKxotic 
Microlepidoptera.” Vol, ii,, 1-5(1916-18). 

Kobkrtson, Professor T. Brailspokd, University of California, 
Berkeley—Two Reprints: (a) “ The Strategics of Scientific 
Investigation” [Scientific Monthly, Dec. 191%]; {b) “The 
Utilisation of Patents for the Promotion of Research" 
[Univ. of California Ghroniole, Vol. xix., No.4]. 

Srith, R, Qrrio, D.So., Sydney (donor)—Report of the Dove 
Marine lAboratory, Cnllercoats, Cumberland, 1916-17 
(1917); Pamphlet: “ Agriculture in Japan," by Professor 
Koide (Sydney, 1918). 

V BiTCB, R., B.Sc., F,E.8., Fiji—Agricultural Report No.3, of 
the Colonial Sugar-Refining Company, Ltd., Fiji [“The 
Cane Beetle Borer in Australia’’] (Sydney, 1917). 

Waters, A. W., F.L.S., F.U,8,, Bournemouth—One Reprint; 
“Some Collections of the Littoral Marine Fauna of the Cape 
Verde Islands, Ac,—Bryozoa" [Journ. Linn. Soc., Zoology, 
xzxv.. May, 1918]. 


[Printed off, March 81st, 1919.] 



IlsTIDEX. 

(i»l8.) 

(a)OENEBAl. INDEX. 


\ildreMft, PreMldmitlfll. March S7th, 
1B18, 1. 

.Xiwrlc, blowfliea l>ml from, cx- 
Ulkitml, 416. 

AKHrknta, l»vcrte<l li,vt»ciiltim In. 
883, 

.Aliler-fllea, dwrlptlona of Aus- 
frallan, 810. 

Al*», new and rare freahwater. 
407, 

Angopboraa, Hhoot-lM>arlnK tumoiira 
of, 191. 

Apparatna. wtiiK-<'Oiip1iiiK of Lepi- 
do|)teni. etc,, 284 - Externa) 

breathinit-, of larne of Miiacold 
fllea, 068. 

Atrena, aeaanna) dtatribntlon of, 
837. 

\rmlatk<e, and the t'eaaation of 
war, 718, 

Auatralla, Lower Meaozuk- Uoclta 
of, 37—(‘arbonlferona Trilotdtoa 
of, 437—Propoaed “mtnlatnro” 
on Pulbah laland, 416, 406. 

AuatraHan Alderillea, 810— ('oloop- 
tera, 673'-CttUcldie, 826— Mecop- 
tera, 303— Megaloptera, 8io— 
Neuroptera, No. 6, 116; No. 6, 
760; Na 7, 787— Sawfllea, 668. 

Balance Sheet, etc., 1017, 30. 

Bankala, petniltar roota of, exhibit¬ 
ed, 886. 

Beane, 8o;r, needs of, exhibited, 
611, 

Beetles, Introduced, of economic 
Importance, exhibited. 361. 

Benson, W. N., Geology and Petro¬ 
logy of the Great Serpentine Belt 
of N.B. Wales. Pt. tIL, 'Pbe 
Geology the Loomberah Dis¬ 
trict and a pwtlmi of the Goonoo 
Qoonoo Estate. With two Fa- 
heontologlcal Appendices by F. 
Chapman, 880, 86h—Ft. rilL, 


'I'hc I'McnsIon of the Great Scr- 
la'utiuc Tlelt fniui the Nundlc 
niatrlct to the ('(aiat, 593. 

‘MUaclj’’ SjMil of Clinis fnilla, 868. 

Itlowfllea, Iiml from an VKork-, c\ 
hlblted, 415. 

llracliywelkl Kalla, cvhtidtcil, 361, 
416. 

Ilramblc, cut-lca^pd, t‘.\hllillcd, 23.5, 

nrcathlnK-apiHii-atiiH, external, <»f 
larva- of Muacold lllea, 658. 

Bretnall, it. W., welnamxl on bis 
return from the War, 415. 

Itrotherna, V. K.. and W. W. Walla, 
The Mosses of N. QueenHlaud, 
544. 


raddiaflipn, Cnnadtnn, exhlblttsl, 

612 . 

(‘alliRtcmon fruits aliowlna de¬ 
layed dehiscence, exhlhlled, 713. 

('aralmgc, |{. If, Notes on (lie 
Native Flora of N.8. Wales. Pt. 
X., The Federal (’upital Terri¬ 
tory, 673. 

('ampbell, J. II., Uou. Treastirer’s 
Financial Statement, and Bal¬ 
ance Sheet, 30, 31 He-elocted 
Hon. Treaanrer. 135. 

Canada, Lepidoptera. Caddisflies, 
and Lact'wlngs from, exhibited, 
611, 618. 

Carboniferous insects, afflnittes of. 
183—Trllohltes of Australia, 437. 

rhwtetri. Note on a new siiecies 
of, 308. 

Chapman, P., Devonian Foramlnl- 
feru, Tamworth District, N.8.W., 
385—Note on a new sjiecles of 
Chartetet, 308. 

--, H. G.. Presidential 

Address, 1—Sec Exhibits. 

Cbeel, E., see Exhibits. 



11. 


INDEX. 


ChorMa auMtraUs, wlnir-venntlon 
of. 396. 

Citriui fmltA. Black Spot of. RGB. 

rioland, J. B.. remfirkn o?i a Little 
Peturuln seen In Neutral Bay, 
493—iSfee Exhibits. 

rUmblnff TMaiits. Htems of. 6on. 

('onl-seam. fossil Insect-Avliis fi*oin 
roof of. 260. 

“Tobblers* Pep*” (ISriffcron), two 
forms of. exlitblteil. 610, 

Coloopteni. descriptions of new 
SiMH^es. 715. 

('ollliis. Miss M. T.. On the lenf- 
anatomy of ffcarvola era naifoUa, 
with siieclal reference io the 
Epidermal Secretion. 247. 

Commentry. affinities of fo.ssil iii- 
ser*tK from. 123. 

Complex. Pnnorpold. rntrodnctl<ni. 
26,3; T>t. I.. 286; Pt. 11. G2G. 

Copepod. origin of .volk in the ova 
of a. 136. 

Correlntloii of Lower M<‘Sossoie 
R<»cks of Australia. 37. 

Cnblttis, structure of. in winas of 
^ryrmeleontldnf*. 116. 

Ciilicldm. contrlbiitloiiH to a know¬ 
ledge of. 826. 

Dehiscence, delayeil, of Cnlllste' 
mon-fmlts. 712. 

Devonian Poramlnlfera. 38.3. 

Distribution of Tx>wer Mesoaoic 
Rocks of Queensland. 37 43ea- 
sonal, of Aroella, 237. 

Dodd. P. P.. elected a Member, 416. 

Donattons and Exchanaes, 36. 135. 
234. 285. 362. 416. 495, 610. 713. 

Draaonfly. sectlona of caudal gills 
of. exhibited. 495—fArae. picked 
up on the pavement. 612. 

Duck, ahnormal ghmard of. ex¬ 
hibited. 361—Note on. 415. 

Dun, W. S., re-elected a Vice-Pre¬ 
sident, 185. 

Dunstaniidfo. the family. 568. 

Kehldna, Note on the temperature 
of. 844. 

Eleetiona. 185. 863. 416. 

ICIectrical eonduetlTity of milk. 
618. 


Kpldermal secretion of Seaerofa, 
247. 

Kpigraphia M4dioale,” exhibited, 
415. 

J^rlgcroa. two forms of, exhtidted. 
610. 

Kuealypts. shoot-ben ring tumours 
of. 191. 

Kucalyidus, a new Spwles or Form 
of. 747. 

Exhibits;— 

Clmiunan. H. n.. samples of 
yeast 612. 

Cheel. K.. peculiar roots of 
JJakea, Bankttin, and OrerB- 
fea: schhI lings of Tephronia : 
two forms of OTalU cor»<c«- 
Inia: eut-leavwl or parsley- 
leaved bramble; Rom hmetmta: 
flowers of Fttyphelia f«fti//orff 
varying in colour, 23.3-230— 
Two forms of “Cobblers’ 
Pegs”; seeds of Soy Beans. 
Ain-611 — CaUinfemnn paehp- 
phpltuM, showing delayed de¬ 
hiscence of the fruits. 712. 
Cleland. J. B., four Parts of 
Blanobard'a "Rpigraphle M4di- 
eale”; blowflies bred from an 
Agaric, 415. 

Fletcher, .T. J., Braehyseelld 

galls, 361—Plants, other than 
Eucalypis and Angophoras 
with shoot-hearina tumours. 
410—iNe/a/eaw Ikmm and 
Ptfropktia 416 —Water- 

storlna Mallee-rooits. and 
water therefrom, 496. 
Froaaatt. .T, L.. House-files hreil 
from rotten liver, 301, 

-, W. immature Spiny 

Stick-Tnsect; araas infested 
with lawin of a Cecldomyid 
fly, 284—Three introduced 
b^les of eoonomie^ Import- 
anoe, 310—Braohyaoelkl galls; 
a Cyifomian, ^nipld gall; 
and an ondetermlned livina 
snake. 416—An Indian wood- 
borer introduced in the wood 
of boaest 610. 



tKDE)C. 


lii. 


KxhlbitH 

Hedl«y, <*., of the 

i*eiiutai)b 111 iiKMiiory of Major 
ami Mm. In tho old 

cbur<*h at Port Manniurlo. 2;Ui. 

Hull, A. F. B., u collection of 
Laud and KroHliwalor Mol* 
lUKkH wllecled In Krumx*. SlJ.'i. 

8teel, Tm an ubnoruml h'l^zard <»f 
II Mnaoovy duck, atil, 415. 

Tlllyard, IL J.. ulna of foanil lu- 
aeot from foal-aeaui, 301- 
Bei'tloua of ibo Saci^old Caudill 
(jllla of the larva of a Java- 
new' OraKoutly, 405- C'anadiau 
Lm^ewlnga and CaddlndleH; a 
large nragoiifly picked up on 
the iHivement, 012. 

Turiierf A. J., a cullei'tloii of 
Canadian U*plUopteru, Oil. 

-- F„ ail airlluiatlsetl, 

Abyaalulan graaa^ 234—An la- 
irudmxHl, European (ierunlum. 
301— A rare New South Walea 
plant (rricAJHlam), Olo — 
A terntologlcal HtaKdinon of an 
introduced Plautago, 713. 

Waite, E. li., the Arat Part of the 
IteeordR of the 8. A. Museum. 
236. 


FaUxaiteut of milk, 013. 

Federal Capital Territory, tlura of, 
673, 

Feltowa, Unueaii*Maeleay, sum* 
mariea of yeaCa work, 1M3. 

Fellowabliw, aiiiioUituieutM to, 13— 
Aunounceineuta, Olo, 713, 

Fleti'her, J. J., «co ExblhitH. 

-— and C. T, 51uaaou, On cer¬ 
tain Sboot-bearlng Tiimonra of 
EluwJyiita aud Aiigopboraa; and 
their modifying luflueui^e on the 
natural (iruw'th-hablt of the 
manta, 101. 

FUea, Hooae, bred from liver, ex- 
hlbllMNl 301-—Filea, Muscold, ex¬ 
ternal tireathlugHipparatua of 
larm at 6AE, 

3fhm of Lower MewHsolc Bocka, 37 
-'-Of New South Walea, 073--Of 
Cepltal Territory, 678. 


Forainluifcrii, Devon Ian, 383. 

France, uioIIukcu from, exldblteil. 
235. 

Froggatt. .7, L., A study of the 
External Breathing-apparatus of 
tlie larVIC of some Muscold Files, 
«3a Nfc Exhibits. 

-- . W. W.. re-(*Ie<*ied a VIct 
Preshh'iit, 13:> - - Kemarks on 
iitigriilions of Mice, preyerl ulniii 
by MarHupialH, 36l~Note8 on 
Australian Sawflies {Tvtithrvdi’ 
a/flac), 668.—Kcc Exhibits. 

Kruir, presort oil, springing of tins 
of, 400. 

(Jail, (>iiipld, oil Li^e Oak, ex- 
hiblttMl. 416. 

(Jails, Brachyswlhl, exhibited, 361, 
416. 

(Jeolog> of the U>wcr Mesoxolc 
Bocks of (Queensland, 37 Of the 
CJrent Scriamtine Belt of N. 8. 
Wales, 320. 363. 5U3 Df the 
IsMimUn'iih District aud ii )K)r- 
tiun of the (Jouuoo Cmiiioo Es¬ 
tate. 320, 363. 

(ivmniuM moUr, siH*clincii of, (*x- 
hibitod, 361. 

tJiUles, C. I).. ckH-tcMl a MemlHT, 
135—On the Seasonal Distribu¬ 
tion of some (Queensland Siiecles 
of Art f Ua, 237. 

(illls, Hocllon of (audal, of Drag¬ 
onfly, exhibitefl, 403. 

(iUoard, abnormal, of n duck, ex- 
blblteil. 361—Note on. 415. 

“(Jlow-worius,** I'euiarks on, 236. 

GoldtiucU, Lieut, (L, news of, 285 
' liCtter from. 712. 

(ioonoo (iixauM) Estate, geology of, 
320, 303, 

Grass, .\bysslntiiu. exiilldtod, 234. 

(■mss-fly, lurvie of, exhibited. 234. 

Grevillea. iiecullnr roots of, ex¬ 
hibited, 235. 

Growth-habit of (dunts modlfled by 
ahoot-bearlng tumours, 191. 

Kakei, peculiar roots of, exhibited, 
235 

Hall, V., On a new 8|iecies or Form 
of Eucalyptus, 747. 



iNJtkBX. 


It. 


liallmHiiu. K. K., Lluiieitu Murleuy 
Fellow iu Zo(»logy: Hummary ot 
year*H work, 11— KetlreuicMit. 11. 

Ifamlltou, X Cl., elet-tcd a Vlce- 
J*n*Hl(leut, 135 -- UeiuarKs on 
*‘( i low-worms,'* "Z 36. 

Him] ley, C'., electeU a Vk^'-Fresl- 
(lent, 135 .—tive Kxhlblts. 

UvinipUra iictcropUra, fosMll, of 
QueeuslanU. 566--Note on tUe 
nrli^lil of the lleteropteru, 568. 

liulmetalH)1u, phylogeuy of, 205. 

lluitHou, J., Junr.. elei^ted a Mem¬ 
ber, 416. 

llouHeflles bi*e<l from Iher, exhibit¬ 
ed, 361. 

Hull, A. F. )!., Hcv Fxhiliits. 

Uytueulum. Luverled, lu Agarivue. 
883. 

India, wood-borer lutrodu<'etl from, 
exhibited, 610. 

liinea. Major mid Mrs., photograph 
of eenotaph in memory of, ex- 
lilbtted, 236. 

Juoaitol from an AuMtralian plant, 
850. 

Inaei'tH, Carboniferous, from Com- 
meiitry, 123 -- lloloiuetabolous, 
phylogeuy of, 265--Metwaole, of 
Queenalaiid, 417, 568. 

iiiHeot-wing, foKsil, from roof of 
coai-aeain, 260. 

Johnston, H. J., coiigratulatious to, 
135; tliuiikfl from, 234. 

Kesteveu, H. L., The Origin of Volk 
iu the Ova of an Knduimrasltlc 
CotKspod, 136. 

Lacmiuga, Canadian, exhibited, 
612. 

Lambert, C. A., and J. Hhlrley, 
'fhe Stems of Climblug Plants, 
600. 

Jjarvte of Muscxild Olea, external 
breathing apparatus of, 658— 
Feeding on liver, 361. 

Lea, A. M., DeHcrlptlone of new 
Speidea of Auatrallan Coleop- 
tera, xlv., 715. 

Leaf-anatomy of SoaevoU$p 247. 


Lepidoptera, wing-coupling apiw- 
rutuH of. 286—Canadian, ex¬ 
hibited, dll. 

l/Fslrange, W. W., and B. G. 
Smith, The ‘^Springing of Tins 
of Preserved Fruit, 400, 

JJfe-bistory of PapcAopakt clepana, 
787. 

J.<HUiiberali District, geology of, 
320, 363. 

MaciiUiirie, Lake, proimsed "minia¬ 
ture Australia*’ at, 416, 405. 

Mallee, water-storing roots of, and 
water therefrom, t^xUibited, 406. 

.Marsupials reiN>rted us preying on 
mice, 361. 

Meixiptera, studies iu, 305. 

MegakUdera, Australian. 810. 

JicUih aea Dcatud, exhibited, 416. 

MeHoaoic Insects of Queensland, 
No. 3, 417; No. 4, 568. 

Mesozoic, Lower, Hocks of Queens¬ 
land, 37. 

Methyl Itevo-iuosUol from an Aos- 
tralluii plant, 850. 

Mi(o, ri^ceut migrations of, report¬ 
ed, 361. 

Milk, relation l^etween fat-couteiit 
and electrical conductivity of, 
613. 

Mitchell, J., *rhe Carboniferous 
Trllobltes of Australia, 437. 

Mollusca from France, exhibited, 
235. 

Mosses of North Queensland, 544. 

Museum, South Australlau, Ue- 
cords of, exhibited, 236. 

Mussuii, C. T., and J. J. Fletcher, 
Oil certain Shoot-bearing Tum¬ 
ours of Eucalypts and Ango- 
phoras • and their modifying 
lullueuce on the natural Growth- 
habit Of the Plants, 191. 

Myrmeleontldvr, structure of cubi¬ 
tus in, lie. 

Neiiroiitera, studies iu Australian, 
lie, 750, 787. 

Neuropteroldea, phylogeuy of, 865. 

New South Wales, BenNOitlne Belt 
of, 320, 868, 693-*Note6 00 flora 
of, 678* ) 



INDtX. 


V. 


Note ou a new speclen of VhavMvB, 
303—On the origin of the Hete* 
roi»tera, A68—On the temiMsra- 
ture of Kc'hUlua, 844. 

Nuten and KxhlldUt, 335, 3til, 415, 
416, 405, 610, 713. 

NoteH ou native Flora of New 
South Wales, 673. 


Odonatu, MeHoaotc, 417. 

Origin of yolk In ova of u Coi>e' 
136—Of the Heteroptera, 
note ou. 568. 

Ova of CoiH^iKHl, origin of yolk in, 
130. 

0.raK« iW'nit'ulnUtt two forms of. 
exhibitetl, 335. 

I'uuoriKiid ('ouiplex, 365, 386, 626. 

PauoriKildea, phylogeny of, 305. 

I’etrel, Little, seen iu Neutral Itny, 
406. 

Petrie. J. M., Unuean Maeleay 
Fellow iu Idoehemlstry: sum* 
iiiury of year*H work, 11—Uo- 
apiKiinted, 1810-10, 13. 

-^ Yhe OiM*urmn*e of Metliyl 

Ijuavo-inoaitol in uii Anatralian 
Volsonous JMaut, 850. 

Petrology of the (Ireat Sei'tieutiuo 
Jlett, 320, 363, 503. 

Mrofikila exhibited, 416. 

Phoma Hirieurpat life-history of, 

868 , 

Pliylogeiiy of iloluuietuboloua iu* 
sef*tM, 365. 

PlmiaffOf teratologit'Hl, exhibited, 
7i3, 

Plants. Climbing, stems of. 6U0— 
Kxhiblted, sec Exhibits. 

Piayfkir, Q. 1., New aud rare 
Freshwater Algm, 407. 

J^oiaotiouB plant yielding luositoi, 
860. 

Priestley, H., electetl a Member. 
185 . 

I'rotodouata, Meaoaolc, 417. 

Psychc^MidiB, the family. 750. 

PmhopplB elepan$, Ufe-hlstory of, 
787. 

l*uitMih laUuid, proposed **mlnia- 
tare Abstraiia*' on, 416, 405. 


t)uoenslnnd. L<i\ver MesozoU* Hocks, 
37 SiHKles of Arcplla, 237- 
Mesozoic insects, 417, ,')68— 
North, Mosses, 544. 


Jtocords of S. A. Museum. oKhtblt 
ed, 336. 

llmds, iKHullar, exhibitetl, 235- 
Wnterstoring, ot a Mallee, ex- 
hlblteil, 406. 

Pona hrartvuta, exhibited, 236. 

Sawllies, AusiniHun, notes on, 668, 

Scicvoln. ieaf-unatoiny of, 247. 

Search for toxin^tnaluct^rs, 143. 

Secretion, epitlermni of Scievola, 
347. 

SwMliingK with iiecnllar roots, ex- 
iilldted; of Tepiirosla, exhlldteti, 
235—()f «»ther plants than Kucu* 
lyjits and Angoplmras, with 
simtit bearing tumours, exhiblt- 
ihI, 416. 

Seriieutliie Pelt of N. S. Wales, 
330. 363, 503. 

Sherrie. Miss H., elected a Mem¬ 
ber, 362. 

Shirley. J., ninl (’. A. Lambert, Tho 
Steins of ('limbing Plants, eoo. 

Smith, Cl, J^. 1)., An A<Y*ouut td 
souu» Observations upon the 
Life-history tif Phoma ciirUmpa 
McAlp., Ihe cause of the “Black 
Sis)t“ <»f Cltrus-fniU in N. 8. 
Wales, 868—Tlie Occurrence of 
an iiivertetl ffytuenium tu Apari- 
VHM vampmUHn, 883. 

-. 1L Oreig. Macicny Bac¬ 
teriologist to the Society: sum¬ 
mary of j’enr’s work, 11—Cop- 
trlhutioiis to our Knowledge of 
Soli-fertiilty. No. xvl, 'file 
Sean'h for Toxin-producers, 143 
—Ilemarks ou water from Mal- 
lee-roots, 496. 

--ami w. W. 

I/Estrange, The “Springing" of 
Tina of Preserved Fruit, 409. 

Snake, living, exhibited, 416. 

Soil-fertility, HudributlonB to u 
knowledge of, 142, 

Soy Bean needs, exhibited, 611. 



Vi. 


ttmM. 


**Si)riiiglU(s’' of tiim of iireservcKl 
fruit, 409. 

Steel, T., uute ou au ubnormat gls- 
aard of a duck, ilH—ttvv Kx 
lilblta. 

Htema vf (*li&iblug plauta, 600. 

StickduNect, immature, exlilblteil, 
234. 

Studies ill Auntrallaii Neuroptcrii. 
116, 760, 787—Mecotdpra. 395. 

Stjvpkeila MiflorUt flowers of. 
variable lu colour, exUlblted. 
236. 

Sydney 11ar1>oiir ('olllery, foKsll 
iusei*t-\viug from. 260. 

'J'amwortb dJairlcf, J>eroiiiaii Kora- 
mlulfera from the, H85. 

Taylor, K. H., (.'ontribulions to ii 
knowledge of Auatralluu (.'uii 
cidie, No. Iv., 826. 

-» T. O., congratulations to, 

234--rhankH from, 285. 

Temtierature of JCchlduii, 844. 

Tviihroala, seedling of, exhlblteil. 
236, 

Tllb'ard, U. J., Lluiieaii Macleay 
Fellow In Zoology: nummary of 
year’s work, 12—^ite-np|)olutt*d. 
1918*19, 13—Coiigrutulationa tip, 
136 <h8cc Kxhibita. 

--Studies in AuKtrullan 

Neuroptera. No, 5. ITie Struc- 
lure of the Cubitus in the Wings 
4pf the Myrmeleontidic, 116; N<p. 
6. The Family Faychoiadila*. 
with DepK*rir41oua of new (leiieni 
and Species, 750; No. 7, 'Hie 
Jilfe-history of P$ythop9i9 clc- 
787—On the AflluitieH of 
two Interesting Fossil* Insects 
trom the Upper Cartwiiifenms of 
Commentry, France, 123—A Fos¬ 
sil Insect-wing from the roof of 
the Coal-seam in the Sydney 
Harbour Colliery, 260—'rhe 
Panorpold Complex: a study of 
the FhylogMiy of the Uolopieta 
bblous Insects, with stiedal re- 
lerence to the Subclasses Fsnor- 
poUea and Neuraptmvidea {In- 
trodactkml, 266; VU t.. The 
Wl&Vraniidliig Apiiaratus, with 


Miieclul reference to the Lepidop- 
/<r«, 286; Ft. Ii., 'rhe Wlng-tri- 
i'hlatloit and its llelatimiship to 
the (leneral Scheme of Venation, 
626 — Studies iu AiiHtrallaii 
6l<Hot>tera. No. 11., The Wiiig- 
Vcimtlon of Vhorisia aunirnHit 
Khig, .305—Mesoaolc Insects of 
Queensland. No, 3, Odonaia 
and Protodnuaia, 417; No. 4. 
Ifvmiptvra /frteroptera: The 
Family /lanstaniidar. With u 
Note (Pii the Origin of the 
Ifvttroptmif 568 — Australian 
Mvffalophra cpr Alder-flies; with 
Descriptions of new Oenera and 
Species. 810. 

'riPxlii-pnsliKvrH. search for, 142. 

Trlchiatlou of Lnsect-uiugs. 626. 

Triclilnlum. a nire siieides of, ex 
hlblted, 610. 

’J'riiidpltes. Carboniferous, 437. 

Tumours, shoot-bearliig. 101, 415. 

’hirner. A. J., tec Kxliiblts. 

-, F.. lec Kxhlbits. 


Waite, K. Tl., see Exhibits. 

Walkom, A. B., ’llie (leology of the 
liipwer Mesoaoie Kca'ks of 
(^leeiislaiid, with siieclal Itefbr- 
eiice to their Dlstrllmtlmi and 
Fossil Flora, and their Correla¬ 
tion with the Tiower Mesoaoli* 
Kocks iif other parts of Aus¬ 
tralia, 37—Cmigratulatlous to, 
135; thanks from, 234. 

Wnrdlaw, If. 8. H., Llunean Mat*- 
teay Felkiw In IMiyslology: num¬ 
mary of year's work, 12—Be* 
ap|N>inted, 18. 

-, 'ITie nelatioii be¬ 
tween the Fat-conteut and the 
Bleetrlcal Conductivtty of Milk, 
618—Note ou the Temiieratufe'ot 
BchMna oosleslo, 844, 

IVater from Mallee-roots, exhibit¬ 
ed, 496; remarks mi, 496* 

Water-storing roots of Mallee, ex 
hlblted, 496, 

Watts, W. W., and V, F. Hrotherus, 
The Mosses of N, QiiSeiiMatul, 
544, 
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VII. 


Wlmr of fuHtfU Inject from ( uitl- 
Keeia, 260; exhtUUetl, 361. 

WlnsHMiupliitK aiHMral'UB of In- 
wK*tK. 286 -\Vlnff-trl<'hlatloii hihI 
vpimttim. 02d-~AVliiff-vet]Htloii of 
rhoHnta, 305. 

NVIiii^rt, Htructuro of mhltUH of» in 


MyruuMoontldH', llfl. 

WtNHllNin^r, ImliHii, ox- 

liildtiHl. 610. 

Yofist, KHlllplOM of, 

Yolk, oriRiii of, In ova of a t'oiw- 
imd, 136. 


<6)B^OLO(U(‘AL INDRX. 
Semei in iMIea are eanonyme 


Taok. 

AbriiK iirevatorhiB. 601 

Arada. 710 

aruiafa. 704 

Imxlfolla.701 

DawMmi. 704 

doalbuta.. .. 704 

dtHnimiiH I*. iuoIIIm .... 704 

diffiiKR. 704 

iuifdoxa.. .. 704 

laiilxera r. venuluMa .... 704 

itidaiuixyloii. 684, 704 

0 t»tlllNlta.606, 701 

t»euniiiervta. 600, 704 

linivlHidtiia. 606. 704 

rublda... 704 

HtrullforuilH. 704 

rmuloea . 704 

vc*rnl<'l1luH. 704 

uviiiu. 704 

Mttiif^ttJHurbtt* . 704 

.Vi'anOiatw. 600 

AraiitliadiHiH.110. 122 

""Atunthodadlum exteniiatum, 604 

HI*. (V). 664 

Acliih.vUa HlmtdldfollH., 601. 700, 
707, 711 

AiTldildie .. 263 

Aiiidiuliloa...201 

Ai*rolrldie aKxrtitpita .. OOO, 707 

aomitaU. 707 

AL*tluo(*yMttH cunm-bovla .. 505 
Adtnmuyi^ .. 147, 140, 155, 166 

cbromoiroua.147. 148 

odi^HIbn •. •% • • • * 147, 148 

Actlttootnima AOntrale** 336, 880, 
881, 382, 364 
' dfitlivatiiui . 882 


^ Page. 

.\doiHM'Hi>uimn nilidiiui .. .. 600 
Adiaiitth'H lludNii3'oldeH .... 89 

Adlauhiin tpHitoidnim .... 701 
AerobryopHiH Hlciualoidiylla.. 650 

Aeroplana. 426, 431. 431 

mtrablliH .. 426. 427, 420, 430, 
433. 435 

Amplautdii'. 125 

Aen»idano|)terii. 125, 431 

.TCdohna. 436 

fUndn*9inMU . 136 

.Eaohnidiidie . 423 

.l!jiohnHiio|wiM. 436 

fltlidorMionHla. 135. 43<» 

Amirlraveiv. 884. 885, 880 

A^nrlt'iia 883 

Agrbailda'. 421, 434 

Aaromyxidii*. 68H 

Alra (*Hryci|ihylloa. 702 

AJuaa niiarruIlH. 708 

Albi'dia tiuMtrnllH. oo 

AldhoideriH. 50 

HiiHtraliH.85. 86. 87 

HP.85, 01 

Alpv. 497 

AIIhiuh plantaKu. 702 

AUHiiiataveir.* .. 702 

AlviMdltoH din^rvuwa. 303 

KiK. 331, 505 

Auiarylllda<*ea‘. 703 

AiihHm.172, 173 

Umax. 176, 177, 180, 181, 180 

Amiwlldea*. 600 

Aiupbleutominu.. .. 132, 133, 131 

paradoxHin.. . • 130,131 

Amplexiformia. 307 
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IfONIX. 


Page. 

Aiivlnwia.. 

.503, 541 

i\ (*uiiMtrii*t4i .. .. 504, 541 

laxa. 505 

r, llortGDHlH.5(»5, 541 

tm*111arioldo»t. 507 

r. craHHA . 5U4, 5ti 

r, KtenoKiMra. «507 

varlablllK. 504 

r. fyllndrawH.. .. 504, 541 

Volall. 507 

AiiagalilH arvauHiH . 70H 

Anaatallurbiiia aiitfiir .. 415, 658. 

002, 064, 006, 067 

Aiidrotwjutiai h/HuIh . 702 

refractiiH.. .. 702 

Aiigopbora.lol, 227, 08H 

(•ordlfolia. 227 

lutermedia. 227, 803 

laiK*GOlata .. 212, 227, 232 

Mubrelutlua. 227 

Anffiilllarla dlobm. 702 

Aiioblum duinaHtleuiu 361 

Aiiomobrytiiu <*yii|blfoUuu .. 554 

Anomoitm Vmvmt . 563 

AuoiihclGM.826, 827 

HlillullpeK. 827, 828 

atratipea. 827 

tmrblniHtrlM «, .. ..827 

r, tiancroftl .. .. 827, 843 

<*oretbrolde«.. 826, 827 

|tun<*tu1atiiM. 826 

atlKmaticua. 826, 827 

.4H4bi«Urla ci/tota . 702 

Anttioidiyaa vagetaua .... 508 

Autbrophyoiwla Hp. 91 

Aiitigonoii leptopua. 601 

Apbanlptera*. 265, 260, 288 

ApQchryHidw. 038, 783 

Aporyimc^ia. 000, 862, 867 

Araliatw.I. .. 707 

Araucaria. 75 

Arauvtrloxylon app.. 65 

Araucaritea.75, oo 

polyoarpa. 72, 70, 81 

ap.. 85 

ap, A. 80 

ap. B. 90 

Arcella.237, 238 


artocraa.. 237, 238, 239, 24o. 

241, 242, 245, 246 
.. .. 237 


IVgi. 

Arcetla cllaeuldea .. 237, 238, 239, 
240, 241. 243, 244, 243, 246 
mitrata, 237, 238, 2.39, 240, 241. 

244, 245, 240 
VUlgariH . 237, 238, 239, 240. 

241. 242, 243, 245, 246 
ArchidinullodeK, 291, 635, 636, 637 

diibltatiiH. 820 

KUtilferuH, 202, 626, 636, 820 
ArcbliMlloriNl, 633, 635, 036, 650. 

051, 653 

magiillica .. .. 260, 631, 657 


ArlMK'ephalUH.732 

ImMalia. 733. 730 

flaviiN>K. 733, 735 

nifiiieiiniH. 733. 731 

Ariaiia. 732 

carliiaticeibs. 735 
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SrataUark buntlia.708 

JOealoMipfa olflpaa.. ..830 

nahmriptm .834 

SeytiuopUra botaii.587 

SoyUMBiaceiB.. .. .. 507 

Ototonaalraoi obeiaiH. ,538 

iMIeana.. .. 848 

foMtoiriiydioM.. .. 565 


Paab. 

Hematuphyliuui <*rytbroi)udlttm 566 

liieuei'lo au$imU$ .700 

dryadeua.700 

lautUM.347 

IwctluatiiH. 601, 700 

tamoldea. 601, 603 

Serlcoatomatlda5.304 

siaildw 124, 301, 316, 636, 056, 
810. 830 

SlailH .... 301, 636, 830, 831, 833 

Slaluldaa. 360, 636, 810 

Hirbtra BUlardUiri .707 

Sileiie gallkn.703 

Birividie ..400 

Biayrldflo.638 

Hkaaoa pMoudoiuediofuac'laU.. 838 

Hmibix auHtiatllb.60l, 608 

BulanacM..'<>. 601, 708 

Bolauum tiiaruui.708 

oiaimm.708 

% Mtnille.708 

Weiidbiudli 601, 603, 608, 600 

Biieraularla rubra.703 

BlierinophoFella*. .. 638, 630, 656 

dtHMemluata.030 

BpfafaroPMldw.875 

Bidui^roaiya laxa «. •. •. .. • • 5o5 

Bphauolepla riumUcn. 60 

Bpbeuophonia atrlatua .. ,.361 

BpbenopterlH. 60, 85, 86 

ampla.80, 00 

bii*uuoiHi. 65, 78, 80 

OIK. 85, 89 

miperUi.. .. 65, 79, 70 

Bplnlfox hlnutuo.947 

Bpirifer otrlatuH.454 

BplruKyra.510 

KnUoborpU** *. ..513 

kouMmoOniM .510,511 

JdoBioronala. 510 

mlrtUHa.510, 511,512 

uogiecta.519, 513, 543 

«. amylavoa *. .. 513, A48 

ultUU.513 

appi.., .. .. ..510, 511 

Ift^reaibiua.510^ 511 

BpIrotiBiila aeuta .. 1. .J'597 

l^^iimacaiB.. 658 

BpoBdylofiionim quartomarl- 

om..585, 542 

0. ivilfatma.5|8, 549 

Bpongopliyltiitii MpartiCuitt 877 













































































INDBX. 


xxvii. 


Faqs. 

SpanKophylluiD giffanteam .. 595 

up.33«* a7T, 3TH, :tS4 

StarbyopityB.66 

annutartoldeH, 65. 60. 70. 70. hi 

Sflmmondfit. 65. 70. 8 1 

8p .no. TO 

Stnrkhoufiitt HnaHifoltB .. 705 

mfrtMffi/nn .705 

vlminea. 705 

StockhouBtHom.. .. .. .. 705 


Hlegoiuyln.8s>o 

6/m.8»o 

punctoMnvWt .. .. 820. 8.30 

Stella rla imugeno. 680. 7on 

Atenohlclla.461. 608 

Stenopteria elonaHta. 65. 60. 70. 72. 

74, 76. 79. 89 

ap. .. 89 

StenoMlAlla.831. 8S» 

AimtrallenHlR.824 

Btephauia bemanillirfoUa, 60i. 007 

Btemilla A<'erlfoUa.10.5 

dlveralfoUa. 105. 700 


Stennillacm.700 

Storamlcm mimaniannlamia .. 564 

aiilK*hr>'aokaMter.504 

Btomaloiitece.. .. «56:i 

KtlgoiaphylUm Jatropluefolinm not 

SUpA Bcabra.703 

StomatopQda. 278 

StratlmoylA ohanueloo. 662 

Stromatoporu .380 

conmntrlea.362 

Stromatoporella benacgit, 336, 88o. 

361, 384 

loooiMmalm 336, 360. 381. 384 
SIrophofOMia cf. rumta .. .. 336 
StaarC^ IfuetloH. 7 uo 

BtyikUtem.. ..700 

Stylidtum gramlnlfoUum.. .. 7 O 0 

SlypaiMlnt glatioa... 702 

HtyphoitA trlflora.707 

toMim. ,.236 

MAliMiuk tephrotrirtui ,« .. 705 

SyooptciMtt.134 

134, 120, 130, 132, 133. 

134 

OiNiMIPiriCMI.124, 120 

fi|>j6lpiH6:rioum ...... 120,180 

Syneatldg IggrlfolUu. .. 415, 60B 
BrntMoaceno graiklla .. ..400 
dMteo.490 


Pack 

Synomon. 308, 300, 310, 311 

heRpviiiYdeR.30H 

SyiilpKteH.. 

weyernl.430 

Myuurn sramilOHu.. .... .noa, 542 

Kyrlngopora..333 

nnlo]M>r(>liU^.:i3i. 505 

jiorterl. :mi 

SyrotnaHten sii., 57«. .577. .578. .580 

SynrfllcliP. 044, 0.50 

SyrrhoiiTHloii tunipous..5.5o 

nilrneiiMts.551 

I'miMiH.551 

filM‘l4‘Ulfl(l1*4..551 

OuiUHatiiinM .. .. .. 551 

fliuhriutiiN..551 

hlltlllllH.553 

Aliiellerl..551 

Novie Vnleatii*..551 

nndutafuluB.551 

iiYidiilHriiN.5.52 

TalmnidiFt. 643, 60i 

'ralHiiuiH 8p.644 

'riBiifoeliorlHtii.267 

pallida.280 


TwnloptertH, .56, on, 07, 09. 73, 74. 

78, 264 

('armllieral. 65, 09. 70, 72. 76. 

70 

eniHHlnervia. 05, 09, 7«, 71, 72, 
76, 70 

Paintroel, 58.,84. 85, 80, 80. 90, 
264 

)\ major.89, 00 

DnilHtHlli. 05, 70, 80 

fluctnaiiK.. .. .. 01 

leiitrlctillforme, 65, 72. 70, 87 

MKn^limdl. 85 

Hp. 56, 85. 260 

BpahllatH, 58. 72, 76, 70, 80, 
84. 85. 86. 90. 04, 264 

i\ crenata. .. 80 

i\ major .. .. 73, 76, 70, 80 

Tenlaon-Woodal, 65, 80, 70, 78, 
70, 70. 86 

wlanaBUirtm .. 65, 70, 80, 87 


TaamoaalptiigUK.743 

promiaintUK.745 

quadrlaidlotiia.744 


Taxltea. 56, 76, OO 

plamia. 78, 75, 76, 70, 81, 


































































ixTiiL 


imtXi 


Paqs 

Tnxiteii Aj)*. 90 

TaxltheUnm kerianum .. .. 304 

Xovip VaMiP.. .. 564 

implllatiim.* ..564 

WattHll.565 

TmimaHlllU.6(K) 

Jaamiiiuldeiji. 600, 603 

TiaUhrmlliiidu*.666 

'Ve)6iriu4ln arandfftora.935 

TaaM*Ha .. .. .. *. «. .* ..506 

TrMNWfA .. 506 

TeHM^Ilarlii. 508. 5O0 

VOlVO(*intt .. .. *• .. 508, 549 

TatraOdtXM). 408. 534 

H«*utufnatiiui Mpluoauui .. 535 
Aiiiruni r. nH'riliiiearo .. 535 

raudatiim .535 

r. AUHtmle. 534, 543 

(Hmicum .. «. •• .« 535. 543 


Kraiiatnanm.. 534. 543 

Iwatatuiu r. etegana .... 535 
uiioimum r. reotlllneara, 636, 


643 

obtliMUUl. 536, 543 

quadra turn t . 534^ 543 

rafoilare.. .. .. ^.565 

V, ootaOdrioam • • •. 535, 54i> 

trlgoniiin. 536, 543 

TatraMiruui eleiiHiiH r. d^nta- 

tuin...540 

X^trathei'a erldfoUa .... 607, 705 

r. Uiymifolla .. ..607 

TexmiarlldfP.386 

TMynUfra veuoaa .. .. 601, 703 

Tliemeda Forakaltl.. Tua 

Tbaobaldla.B30 

atHpaa. ..880 

ThlimfOldia.68, 74 


acuta. 64, 76, 80 

FatatmtUteU, 56, 64, 66, 70, 73, 
75, 78, 85, 67, 01 
lanclfolla.. 64, 66, 70, 72, 75, 
78, 65, 67, 01 


McCoyi .. 69 

inedla .. .. .. .. ,, .. Ol 


iiambeeuanala .. .85 
odoatofitordtfeB .. 56, 58, 04, 
66. 70, 73. 75, 76, 85, 86, 87. 
80 , Ot . 

. 85, 80, 585 

TblfmMdlM.64, 73 


'rhnUlinm tUtlputatium.563 

pUimaloHiforme .563 

raiiieotoHUU).563 

aiwrsum...563 

HulMrectiiui.. .... 563 

Thutibcriria arandiflora .... 600 

laurlfoUa.60tt 

ThyuvoUeaceip .. 690, eol, too 

Thyridl(li«.3 oh 

TKvi-i^inm httmUe .553 

'fhyHaiidtiiH tiibonwua.703 

'C^hemoimnax Hambui'lfdllna 707 

rillipa wtldlUrla.704 

Toiy4M»thrk lanata..507 

Toxorbjk'iH*lilreN iiioruatiia.. ..836 


I'nu^lidoaitenuum JaaiulnoideH 600 
'lVuc*h:^lofba plaulfollom .. 557 

\ mwrt'MiMw.500 

Trn4'liyuiene Blllardleri .. ..707 

hHmilU .707 

I'rai'bypua Vovie raledotilw.. 560 


Treiootodon Balleyi ...... 545 

UmgCM'eua.545 

Tr6»IOl&...665 

TremelHnic.. .. ..88.5 

Triuaaoteatea.. .. .. .. .. ..418 
apiophlabiofttM 416, 410, 430 

TrlaaaolCHtliifp.. 416 

'iVlboiiema ... .. 530 

TrU*Ululttm coryuboaum i>. 

MfylfTora.eio 

TdpbMoa.638 

'l>iiibouuind9a.. 431. 638, 763, 784 
l>k*bO|itera^367, 306, m 870, 371, 


373, 373, m, 284, 803, 303. 

305, 307, 308, 313. 313, 817, 300, 
400 401. 404, 408. 578, 645, 640, 
646, 651, 654, 655. 656, 557, 755 
Trlcbciateloum elegautulum<;.. 566 

bamatum...566 

i\ aemlmatnifllUoattiu ,. 566 

keifianum . .. 564 

'rricorytia elatlor.703 

THtodum arvcntie,. ..a.. 704 
'rrlghM-bln proeera.. .. 701 

Trt^oidaiinia .. .. 761, 766' 

Triloblta. ^430 

THatanla uedlfolla .. 415 

IVoiddorbync'biia comleulatita 605 
Tryptaamm 331, 333, 884, 385, 836 
































































INDIX. 


xxix. 


Tryptifema eonffreffatlon^ .. 9S1 

delloatuU... 335 

lonsdalel.331 

r. aoalarlfonnU.331 

ap*ti •• •• *• ft •* 335* 33i> 

vermlfunuia.331, 335 

Tunliii prollfpra., 703 

Typhtt aiifruMtIfotlii 70i 

Typhacpip.701 

riiiiiN htiii.* m 

I'liiltplHfenp.601, 707 

Uitlo.^ 38, 66 

Dunatmil f. .. .. sa 

pyrenHU.. 86, »l 

i|wvk*leUHiH .. ft .. .. t, 6H 

atlrlluffl.Oil 

wlaiiaroatteiialH 88' 

DiiUaiella.^ 

liowralPtialH. 68 

('arnal. 88 

iJrunottt^ila.836, 846 

albeHceiiM.630 

antennalla.840 

4>ai^;iiaeiiHla.,660 

mill. 841, 643 

propria.840 

tibialis. 830, 643 

Urnella.620 

tarroitria .. 630, 630 

r. abttormla .. ,. 530, 631> 

rriloa indaa...703 

Urtlca<m. ^703 

TaUlago.A 603 

rtrlPiilaria dtrbotoma nnl- 

ttOTfl • ■ ■ ■ • • • • • • • 706 

rf«Clauwid£tt •• .. 633 

Vuiritiultnii... 386^ 

VtlVOUBa . ,.. 368, 360 

bnlloHleat. 331, 368, 380, 300. 

301 

nblongB ft 331, 380, SOO* 601 
pilcata., .. 381, 888, 606, .301 

Vellela ^MirOdoxa.708 

VOfteflcm blattaria ...... 708 

Vat’banacM. .601 

VoropteaF caiyriao • • . • • • .. 708 

fibfwontia.708 


Paoc. 

Veronica RraciUa.708 

lierfollata. 000, 708 

VeHlculuria tIvuIIh .50*i 

VUilii beUtiilciefoUa .. OOO, 097, 700 

heUerai^ea. 607, 700 

Vlulaceie.60n, 700 

Vltifl hyimgliinca. 600 

opaca.6<Mi 

NtercnUfolla, 000, 003 , 606, 000 

VlttiidlnlH auHtralta .700 

V^o1V(N*ac*eie. 498. 300, 514 

VoWox. 408, 326 

aureus r. hemlapluerlcuft. 530, 
342 

Carterl.537. 342 

terthis.337 

Volvullnu.336 

Steiuli. 520, 337. 312 

WaUleuberffia graclllR.. 700. 708 

Webda vlridnla.552 

WemxlH, 764, 765, 706. 767,, 768, 
773,' 785 

cocHvoffa .778 

Westrliigta eremli^oia.7o8 

miHamnofiia peot/%, 73, 74, 70. RO 

. 65, 60, 70 

Wistaria chiuettHta, ooi, 602, 005. 

600 

Wormli^ Burbldgel.. 349 

WsraiftcA dioica .703 

Xautbodlseua J^auterbncbl, 300. 342 

Xniitholeon.i to. 131 

helmal .... 118, 119, 130, 131 

XantUorrhora sp.703 

Xerotes Ollformls.703 

glaiica.703 

longifoUa.703 

nmUlflora.703 

-•Kaphrentla hik, 3.31, 336, 376, 376, 
383, 884 

Zornia dirihylla.705 

ISpophlcbiUH .. 730, 760, 701, 763 

ZppopMebia .784 

XpffophlebUni .. too 780, 778, 78.1 
nrrcddHnmi .. 750, 777, 783 

3c6ra.;.780 

Zygoptera.418 

Zygosplra si. 331 


[Printed off Maroh Slit, 1910.] 
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VI. V2 N'orltilrs in axils of conlt^Kms fA, 111-B.t. \iHliiItH m leaf-axiU tK. firmtphhua^ 

t 1. «.'2. Vorluli-tslioots afttr injure t<> M‘4>«llin(r-t.ten> iK Ar inipA/'o/r>. 











remarkahh* (L^ft t'* riicht), !•>. E, tvit^nundr* 4 im! 4>, E. piperita 5 and 7, E. h^mattoaia (n^t size). 





Anomalies' a, E. rcami/tra. I>1. b2. E. h^miphlouM t. F ai*irrf*xiflon Ininliiles ini^'inif '*tt inie t-nlei 





nrfmct-r,- ft 
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K. t‘Hgt‘Hioidpt. i4xil1ur> Nteiii noiluh's at nine le\rln. lrrrtt|rtTtIio of tin* i(jnvt'eM'eiMt', u. 





u lidntwl HtwnnodiilP (\2> uiid Its nmin idi«rt, Kdlint: Uicir dinme «>ii l\w ilnith 
rt/ lbi» iwdlJnir-Jitnii (•.at.) 
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V. tvreiitwhia: cDdrallng InHect-gall on lurgv tuiiKnir-Rhoot (after the seedlinv-v^nn partahed) 

nat «li». 










(arnnetimes a Mallee). 2 Xnn-Mallw (R, fere/iroraiay last st,iirp .* A Mdllec iE. tinrfw/ 





E »trt4‘tn 2, E V*.»rei A, E IrHtttf tttrum (iiJt si70) 







A miiull "Miilloe-Hoot" from Myiilonir, X8.W. (if. up.). 






Xodule-shoots. nnd precocioup hranching (E. ttretifornisi, 2. A M-iHeo; soil -craiiwl from tlir ltj>-e. 










Plir 1. \ sliiclitly l•l•1i(|U0 mtinn IhroiiKli n bml of Stirmla rroMifolm, tn show tlovMopniffit of 
RiaiuliilHi* hiiirH, 

Fig. 2. Ri>rtl(>n Acn>8N HhentliinR Itiiftf of n inutun* leaf, to allow ilfvulopiiient of RluiaUilnr nod 

clothlnu hnlra. 
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